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PREFACE 


The  driving  force  behind  this  investigation  has  been  the  pertinence  of  this 
unique  example  of  seismic  masking  to  the  one  aspect  of  the  broad  problem  of 
seismic  evasion  which  has  yet  to  be  examined  experimentally,  namely  the 
question  of  hiding  a nuclear  explosion  in  an  earthquake.  When  one  realizes 
the  extent  of  the  masking  in  terms  of  its  widespread  nature  and  timing,, 
particularly  the  closeness  of  the  near  coincidence  and  the  total  embedding 
of  the  explosion  waveforms  in  the  teleseism,  as  well  as  the  quantity  of  the 
comparison  data  available,  the  desire  to  proceed  further  with  the  study 
becomes  all  the  more  compelling. 

The  investigation  has  been  guided  by  the  fundamental  decision  to  present  the 
data  in  a form  as  complete  as  possible.  The  reasons  for  documenting  the  data 
in  their  entirety  are  threefold:  I)  the  extremely  low  probability  of  another 

accidental  incident  with  as  widespread  a pattern  of  near-coincident  arrivals 
for  the  competing  signals  ever  happening  again,  2)  the  extraordinary  diffi- 
culty of  executing  a similar  experiment  in  a planned  manner,  and  3)  the  need 
to  give  a realistic  picture  of  both  the  quantity  and  quality  of  the  data 
ava i lable. 

The  prospect  of  acquiring  another  data  set  like  this  one  with  such  an  exten 
s i ve  near-coincidence  would  be  rare:  Of  the  more  than  300  U.  S.  underground 

nuclear  explosions  which  have  been  detonated  since  the  resumption  of  testing 
in  1961,  this  is  the  only  case  known  in  which  severe  earthquake  interference 
at  a large  number  of  stations  has  been  recorded.  When  the  shortness  of  the 
time  difference  (attaining  a minimum  of  12  seconds  at  the  point  of  nearest 
coincidence)  between  the  arrivals  for  the  teleseism  and  those  from  the  under- 
ground nuclear  explosion  is  taken  into  account  the  probability  of  a repeat 
performance,  planned  or  unintentional,  with  timing  even  nearly  as  close,  let 
alone  equal  or  better,  woula  indeed  be  remote. 

In  a report  of  this  type  one  could  always  cite  only  the  most  striking  ex- 
amples to  illustrate  the  effects.  However,  such  an  approach  might  easily 
give  the  reader  the  impression  that  the  omitted  data  are  of  the  same  quality. 
Furthermore,  redundancy  is  not  a critical  problem.  The  spacing  of  the  'n- 
struments  with  respect  to  range  and  azimuth  from  the  explosion  epicenter  has 
no  points  of  particular  concentration.  The  types  of  instruments  are  also 
sufficiently  varied  as  to  require  samples  of  each  of  their  responses,  even 
for  those  sites  with  multiple  seismographs. 

The  pressures  of  expediancy  have  forced  only  one  temporary  concession:  I 

have  recognized  the  natural  division  in  the  documentation  of  any  experiment 
by  reporting  the  data  separately  from  their  analysis.  The  contents  of  the 
present  compilation  have  been  extended  considerably  beyond  those  normally 
associated  with  a typical  data  report  by  including  the  interpretation  of  the 
seismograms  as  well  as  the  preliminary  analysis  involved  in  the  selection  of 
the  comparison  events,  the  last  step  being  required  by  the  accidental  nature 
of  the  incident.  The  perspective  and  implications  of  the  present  data  with 
respect  to  seismic  evasion  and  the  theory  of  masking  have  been  placed  in  a 
separate  document  which  is  to  appear  later. 


Since  this  study  was  conducted  under  University  auspices  it  has  remained 
unclassified,  even  though  nuclear  seismology,  like  all  topics  connected  with 
nuclear  test  activities,  is  weighed  down  by  a huge,  unpublished  literature, 
partly  restricted  in  accessibility.  I have  avoided  reference  to  any  material 
which  has  not  been  published  in  either  book  form  or  commercially  available 
journals.  In  a few  cases  where  important  data  are  not  accessible  elsewhere, 

I have  cited  the  pertinent  unpublished  reports  which  have  open  distributions. 

I am  indebted  to  many  of  my  colleagues  for  their  helpful  '-emarks  and  ideas, 
and  in  particular  to  Dr.  Jack  Evernden  for  his  comments  on  the  presentation 
of  the  seismograms  and  to  Mr.  Fred  Raab  for  his  critical  suggestions  regarding 
the  text  and  questions  of  style. 

The  assistance  received  in  the  technical  production  of  this  manuscript  is  also 
to  be  acknowledged.  The  text  and  captions  for  the  seismograms  were  typed  by 
Mrs.  Janet  Jenswold.  Certain  tables  and  listings  were  prepared  by  Mrs.  Mayme 
Matsumoto.  The  report  was  printed  by  Zandonella  Automated  Printing. 

I am  grateful  for  the  financial  assistance  which  made  this  study  possible  and 
especially  the  printing  of  this  report  without  which  the  data  could  appear 
only  in  a much  more  abbreviated  form.  This  research  was  supported  by  the 
Advanced  Research  Projects  Agency  under  Air  Force  Grant  No.  AFOSR-73*2522 
monitored  by  the  U.  S.  Air  Force  Office  of  Scientific  Research  and  by  a grant 
from  the  Council  of  Academic  Deans  of  Northern  Illinois  University. 
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SUMMARY 


This  study  exar.ines  the  accidental  interference  of  a teleseism  from  an  earthquake 
with  the  seismic  signals  from  an  underground  nuclear  explosion  by  presenting  a 
compilation  of  seismograms  from  thirty-two  near-regional  stations  associated  with 
che  explosion.  On  1 A August  1969  the  United  States,  without  any  prior  knowledge 
of  the  earthquake,  detonated  an  explosion  at  the  Nevada  Test  Site  almost  simul- 
taneously with  the  passage  of  the  teleseism  over  the  western  United  States.  The 
timing  of  the  earthquake  and  the  explos'  n produced  an  unusuai  pattern  of  arrivals 
at  all  principal  stations  surrounding  the  explosion.  Even  though  the  explosion 
was  detonated  12  seconds  before  the  passage  of  the  teleseism  over  its  epicenter  a 
review  of  the  station  records  shows  that  the  teleseism  always  preceded  the  explosion 
waveforms.  At  the  point  of  closest  near-coincidence  the  separation  between  the 
arrivals  reached  a minimum  of  12  seconds,  with  the  explosion  waveform  still  embedded 
completely  in  the  teleseism.  This  set  of  records,  which  so  far  is  unique  in  the 
history  of  seismology,  provides  an  unusual  opportunity  to  examine  the  question  of 
hiding  a nuclear  explosion  in  an  earthquake  by  supplying  data  about  the  one  problem 
of  seismic  evasion  which  has  not  yet  been  examined  with  the  aid  of  a planned 
exper i ment . 

► The  nuclear  explosion  had  a yield  of  approximately  3 kt  (determined  seismically) 
and  a depth  of  burial  of  78A  feet  in  alluvium.  The  interfering  earthquake  was  a 
principal  after  shock  of  a major  earthquake  sequence  in  the  Kurile  Islands,  with 
a magnitude  of  6.2,  a depth  of  A6  km,  and  an  unusually  large  worldwide  station 
registration  of  **00  observations.  An  analysis  of  the  data  for  the  distance  range 
Il*i4~975  km  shows  that  the  seismic  waveform  characteristic  of  this  explosion  remains 
clearly  visible  out  to  288  km.  Beyond  this  critical  distance,  defined  here  as  the 
maximum  range  of  domination  for  the  masked  explosion,  the  role  of  the  dominant  wave 
is  taken  over  by  the  teleseism,  althouoh  instances  of  partial  visibil’ty  occur  at 

> further  di stances. 

As  the  distance  from  the  masked  explosion  increases  the  teleseismic  interference 

' N first  degrades  the  fine  structure  of  the  tail  of  the  explosion  waveform;  then  it 

obliterates  the  sharp  onset  of  the  waveform,  and  finally  it  destroys  the  principal 
portions  which  are  the  Pg  and  Sg  phases.  Because  the  amplitude  of  the  Sg  phase  is 

; frequently  the  largest,  it  is  generally  more  persistent  than  the  Pg  phase. 

As  a further  step  the  study  analyzes  the  quantitative  features  of  the  masking  by 
measuring  the  reduction  in  the  relative  duration  of  the  explosion  waveform  caused 
by  the  interference.  The  duration  without  masking  is  determined  with  the  aid  of 
traces  from  events  with  source  characteristics  similar  to  those  of  the  masked  ex- 
plosion. The  masked  explosion  is  located  fortuitously  in  a cluster  of  f'fteen 
closely-spaced  explosions  and  the  most  appropriate  comparison  event  is  selected 
by  reviewing  this  catalogue  of  candidates  with  respect  to  geology  and  seismic 
waveforms.  By  a circumstance  even  more  unusual  an  explosion  with  a yield  and 
depth  of  burial  almost  identical  to  that  of  the  masked  explosion  is  available  to 
serve  as  a primary  comparison  event.  The  terminations  of  the  waveforms  for  the 
masked  explosion  are  identified  by  visual  inspection  of  its  records  in  juxtaposi- 
tion with  those  from  the  comparison  event.  Forty-two  of  the  six^y-one  traces  from 
the  masked  explosion  are  presented  in  this  manner.  The  masking  exhibits  marked 

^ deviations  from  the  correlation  with  the  logarithm  of  distance  that  would  be 

expected  for  masking  in  the  presence  of  interference  of  constant  amplitude.  These 
va-iations  may  be  due  to  regional  effects.  The  masking  also  shows  secondary 
dependences  on  the  azimuth  and  the  differences  in  arrival  times. 
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In  addition  to  the  need  to  bring  these  specific  results  into  the  full  context 
of  the  general  subject  of  seismic  evasion  and  detection,  and  place  them  in 
tneir  proper  perspective,  this  study  suggests  three  problems  which  should  be 
examined  first:  1)  the  projection  from  this  incident  of  masking  up  to  the 
level  of  extreme  worldwide  seismic  interference  that  follows  any  major  complex 
release  of  tectonic  energy,  by  making  use  of  the  records  of  II  August  1969  for 
the  main  event  of  the  earthquake  sequence;  2)  the  extension  from  the  yie'd  of 
the  masked  explosion  up  to  that  for  the  largest  explosion  (38  kt)  in  the  cata- 
logue of  comparison  events,  by  reviewing  the  records  for  the  explosion  o;  9 
October  1 96**  (PAR);  3)  an  examination  of  the  probability  for  positive  identi- 
fication of  a masked  explosion  as  a function  of  the  ratio  of  the  amplitude 
between  the  explosion  and  the  interference. 
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FIGURES 


1 . Location  of  the  main  event  and  principal  aftershocks 
for  earthquake  sequence  in  the  Kurile  Islands  during 
August  1969. 

2.  Location  of  the  epicenters  for  the  interfering 
earthquake  (Kurile  Islands)  and  the  Masked 
Explosion  (Nevada  Test  Site)  of  M August  1969. 

3.  Travel  times  to  the  seismographs  located  in  the 
western  United  States  for  P-waves  from  the  earth- 
quake in  the  Kurile  Islands  of  14  August  1969. 

4.  Location  of  the  principal  seismic  station  at  near- 
regional  distances  from  the  Nevada  Test  Site  which 
were  in  operation  during  1969. 

5.  Location  of  the  Nevada  Test  Site  (NTS)  and  the 
Masked  Explosion  of  14  August  1969  (SPIDER). 

6.  Location  of  the  underground  nuclear  explosions  in 
the  immediate  vicinity  of  the  Masked  Explosion  of 
14  August  1969. 

7.  Location  of  the  seismographs  in  the  Western 
United  States  which  recorded  the  Masked  Explosion 
of  14  \ugust  1969. 
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SEISMOGRAMS 


(arranged  in  the  order  of  increasing  epicentral 
distance  from  the  Masked  Explosion) 

Key  to  abbreviations 

CE  = Comparison  Event 
ME  = Masked  Explosion 

The  symbols  in  parentheses  to  the  right  of  each  station  and 
instrument  refer  to  the  designations  by  which  the  records  are 
identified;  they  follow  the  date  on  the  label  which  appears 
in  the  upper  right-hand  corner  of  each  record. 

The  range  in  parenthesis  to  the  right  of  each  station  is  the 
distance  in  kilometers  to  the  epicenter  of  the  Masked  Explosion, 


Plate 


1.  Groups  1-3.  Tonopah,  Nevada  (TPH) 

1.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

2.  Short -period  horizontal  seismograph, 

radial  direction  (SPR) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

3.  Short-period  horizontal  seismograph. 

transverse  direction  (SPT) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

2.  Groups  4-6.  Tonopah,  Nevada  (TPH) 

4.  Wide-band  vertical  seismograph  (WBZ) 
b)  Record  for  the  ME  of  14  August  1969 

5.  Wide-band  horizontal  seismograph, 

radial  direction  QA/BR) 
b)  Record  for  the  ME  of  14  August  1969 
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Plate 


3. 


4. 


5. 


6. 


6.  Long-period  vertical  seismograph  (LPZ) 
b)  Record  for  the  ME  of  14  August  1969 

Groups  7-9.  Darwin,  California  (DAC) 

7.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

8.  Short-Period  horizontal  seismograph, 

radial  direction  (SPR) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

9.  Short-period  horizontal  seismograph, 

transverse  direction  (SPT) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

Groups  10-11.  Darwin,  California  (DAC)  (168  km) 

10.  Wide-band  vertical  seismograph  flA/BZ) 
b)  Record  for  the  ME  of  14  August  1969 
b')  Record  low  gain  level 

11.  Wide-band  horizontal  seismograph, 

radial  direction  ^A/BR) 
b)  Record  for  the  ME  of  14  August  1969 
b')  Record  low  gain  level 

Group  12.  Tinemaha,  California  (TIN)  (193  km) 

12.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

Groups  13-14.  Tinemaha,  California  (TIN) 

13.  Wood-Anderson  horizontal  torsion  seismo- 

graph, North-South  direction  ^NA  NS) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 


Range 


(168  km) 
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14.  Wood-Anderson  horizontal  torsion  seismo- 

graph, West-East  direction  (WA  WE) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

7.  Groups  15-17.  Tinemana,  California  (TIN)  (193  km) 

15.  Long-period  vertical  seismograph  (LPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

16.  Long-period  horizontal  seismograph, 

South-North  direction  (LP  SN) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

17.  Long-period  horizontal  seismograph, 

West-East  direction  (LP  WE) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

8.  Groups  18-20.  Nelson,  Nevada  (NEL)  (194  km) 

16.  Short-period  vertical  seismograph  (18-300) 
b)  Record  for  the  ME  of  14  August  1969 

19.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963* 

b)  Record  for  the  ME  of  14  August  1969 

19A.  Short-period  horizontal  seismograph, 
radial  direction  (SPR) 

a)  Record  for  the  CE  of  13  September  1963* 

20.  Short-period  horizontal  seismograph, 

transverse  direction  (SPT) 

a)  Record  for  the  CE  of  13  September  1963* 

b)  Record  for  the  ME  of  14  August  1969 


*Seismograph  located  at  Boulder  City,  Nevada  (BCN) 


Plate  Range 

9.  Groups  21-22.  Nelson,  Nevada  (NEL)  (194  km) 

21.  Wide-band  vertical  seismograph  (WBZ) 
b)  Record  of  14  August  1969 

b^)  Record  low  gain  level 

22.  Wide-band  horizontal  seismograph, 

radial  direction  (WBR) 
b)  Record  of  14  August  1969 
b')  Record  low  gain  level 

10.  Group  23.  China  Lake,  California  (CLC)  (203  km) 

23.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

11.  Group  24.  Goldstone,  California  (GSC)  (217  km) 

24.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 
b+)  Record  for  the  ME  of  14  August  1969 
b*)  Record  for  the  ME  of  14  August  1969* 

*Recorded  by  telemeter  at  Pasadena,  California 

12.  Group  25.  Mina,  Nevada  (MN-NV)  (232  km) 

25.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969* 

*Seismograph  located  at  Mina,  Nevada  (MINA), 
Recorded  by  telemeter  at  Berkeley,  California 
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13.  Groups  26-28.  Leeds,  Utah  (LEE) 

26.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

27.  Short-period  horizontal  seismograph, 

radial  direction  (SPR) 

a)  Record  for  the  CE  of  13  September  1963 


(239  km) 
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28.  Short-period  horizontal  seismograph,  (239  km) 

transverse  direction  (SPT) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 


14.  Groups  29-30.  Leeds,  Utah  (LEE) 

29.  Short-period  vertical  seismograph  (18-300) 
b)  Record  for  the  ME  of  14  August  1969 

30.  Wide-band  horizontal  seismograph, 

radial  direction  ^/BR) 
b)  Record  for  the  MF  of  14  August  1969 

15.  Groups  31-33.  Ely,  Nevada  (ELY)  (242  km) 

31.  Short-period  vertical  seismograph  (18-300) 
b)  Record  for  the  ME  of  14  August  1969 

32.  Wide-band  vertical  seismograph  (WBZ) 
b)  Record  for  the  ME  of  14  August  1969 

33.  Wide-band  horizontal  seismograph, 

radial  direction  (WBR) 
b)  Record  for  the  ME  of  14  August  1969 

16.  Group  34.  Eureka,  Nevada  (EUR)  (258  km) 

34.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  11  June  1964 

b)  Record  for  the  ME  of  14  August  1969 
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17.  Group  35.  Isabella,  California  (ISA)  (273  km)  57 

35.  Short-period  vertical  seismograph  (SPZ) 
b)  Record  for  the  ME  of  14  August  1969 

18.  Group  36.  Kanab,  Utah  (KN-UT)  (288  km)  59 

36.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 
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19.  Group  37.  Woody,  California  ^A/DY) 

37.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

20.  Groups  38-40. 

38.  Fort  Tejon,  California  (FTC) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

39.  Riverside,  California  (RVR) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

40.  Mount  Wilson,  California  (MWC) 
Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

21.  Groups  41-43.  Battle  Mountain,  Nevada  (BMN) 

41.  Short-period  vertical  seismograph  (18-300) 
b)  Record  for  the  ME  of  14  August  1969 

42.  Wide-band  vertical  seismograph  (WBZ) 
b)  Record  for  the  ME  of  14  August  1969 

43.  Wide-band  horizontal  seismograph, 

radial  direction  BR) 
b)  Record  for  the  ME  of  14  August  1969 

22.  Groups  44-47. 

44.  Pasadena,  California  (PAS) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  iA  August  1969 
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45.  Pasadena,  California  (PAS) 

Long-period  horizontal  seismograph, 

North-South  direction  (LP  NS) 
b)  Record  for  the  ME  of  M August  1969 

46.  Pasadena,  California  (PAS) 

Long-period  horizontal  seismograph, 

East-West  direction  (LP  E W) 
b)  Record  for  the  ME  of  14  August  1969 

47.  Hayfield,  California  (HAY) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

23.  Group  48.  Jamestown,  California  (J AS) 

48.  S' ort-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  18  March  1969 

b)  Record  for  the  ME  of  14  August  1969 

24.  Groups  49-50. 

49.  Priest,  California  (PRI ) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

50.  Palomar,  California  (PLM) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

25.  Group  51.  Dugway,  Utah  (DUG) 

51.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 
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(440  km) 


Plate 

Range 

Page 

26.  Groups  52-54. 

75 

52. 

Santa  Barbara,  California  (SBC) 
Short-period  vertical  seismograph  (SPZ) 
b)  Record  for  the  ME  of  14  August  1969 

(447  km) 

53. 

Santa  Ynez  Peak,  California  (SYP) 
Short-period  vertical  seismograph  (SPZ) 
b)  Record  for  the  ME  of  14  August  1969 

(459  km) 

54. 

Paraiso,  California  (PRS)  (483  km) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 
Willmore  horizontal  seismograph,  N45°E  direction 

b)  Record  for  the  ME  of  14  August  1969 

27.  Groups  55-57. 

55.  Mount  Hamilton,  California  (MHC)  (495  km) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

56.  Barrett,  California  (BAR)  (500  km) 

Short-period  vertical  seismograph  (^PZ) 

a)  Record  for  the  CE  of  13  Sep.^ember  1963 

b)  Record  for  the  ME  of  14  August  1969 

57.  Berkeley  (Strawberry),  California  (BKS)  (551  km) 
Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

28.  Groups  58-59. 

58.  Tucson,  Arizona  (TUC)  (723  km) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 


Plate 


Range 
(899  km) 


59.  Albuquerque,  New  Mexico  (ALQ) 

Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 

b)  Record  for  the  ME  of  14  August  1969 

29.  Groups  60-62.  Golden,  Colorado  (GOL)  (974  km) 

60.  Short-period  vertical  seismograph  (SPZ) 

a)  Record  for  the  CE  of  13  September  1963 
a')  Record  for  the  CE  of  18  March  1963 

b)  Record  for  the  ME  of  14  August  1969 

61.  Short-period  horizontal  seismograph, 

North-South  direction  (SP  NS) 
a')  Record  for  the  CE  of  18  March  1969 
b)  Record  for  the  ME  of  14  August  1969 

62.  Short -period  horizontal  seismograph, 

East-West  direction  (SP  EW) 
a')  Record  for  the  CE  of  18  March  1969 
b)  Record  for  the  ME  of  14  August  1969 

30.  Groups  63-65.  Golden,  Colorado  (GOL) 

63.  Short-period  vertical  seismograph  (SPZ) 
b)  Record  for  the  ME  of  14  August  1969* 

64.  Short-period  horizontal  seismograph, 

North-South  direction  (SP  NS) 
b)  Record  for  the  ME  of  14  August  1969* 

65.  Short-period  horizontal  seismograph, 

East-West  direction  (SP  EW) 
b)  Record  for  the  ME  of  14  August  1969* 

*Reproduced  at  75%  scale  to  show  ME  origin  time 

31.  Group  66.  Berkeley  Oevelocorder 

66.  Prints  of  16  mm  film  originals 

a)  13  channels  for  the  CE  of  13  September  1963* 

b)  15  channels  for  the  ME  of  14  August  1969** 

*Reproduced  at  a scale  factor  of  218% 

** Reproduced  at  scale  factors  of  218%  and  707% 


GLOSSARY 


AEC 

AFOSR 

AFTAC 

ARPA 

CIT 

ESSA 

ISC 

LASA 

LASL 

LLL 

LRSM 

iMCER 

NOAA 

NOS 

NSF 

NTS 

SL 

UCB 

USAF 

USC6GS 

USGS 

WWSSN 


Atomic  Energy  Commission 

Air  Force  Office  of  Scientific  Research 

Air  Force  Technical  Applications  Center 

Advanced  Research  Projects  Agency 

California  Institute  of  Technology  (Pasadena) 

Environmental  Science  Services  Administration 
(replaced  by  NOAA) 

International  Se i smol og ica 1 Center  (Edinburgh) 

Large  Aperture  Seismic  Array 

Los  Alamos  Scientific  Laboratory 

Lawrence  Livermore  Laboratory 

Long  Range  Seismic  Measurements  Program  (AFTAC) 

National  Center  for  Earthquake  Research  (USGS) 

National  Oceanic  and  Atmospheric  Administration 

National  Ocean  Survey  (NOAA) 

National  Science  Foundation 
Nevada  Test  Site  (AEC) 

Sandia  Laboratories  (Albuquerque,  New  Mexico) 

University  of  California,  Berkeley 

United  States  Air  Force 

United  States  Coast  and  Geodetic  Survey 
(replaced  by  NOS) 

United  States  Geological  Survey 

V.or I d-Wide  Standard  Seismograph  Network 


INTRODUCTION 


I . 


The  hiding  of  underground  nuclear  explosions  in  earthquakes  is  one  of  the  major 
areas  of  interest  in  the  general  problem  of  seismic  detection  ana  evasion. 

Despite  its  importance  as  a primary  consideration  in  treaty  negotiations  for 
a comprehensive  test  ban,  the  seismic  masking  of  underground  explosions  prior 
to  1969  could  be  discussed  only  in  speculative  terms  because  there  were  no  data. 

In  August  of  that  year  teleseisms  from  a strong  earthquake  in  the  Kurile  Islands 
interfered  with  the  signals  from  an  underground  nuclear  explosion  in  Nevada. 

Even  though  the  incident  was  purely  accidental  the  data  set  generated  by  it  can 
be  applied  to  the  problem  of  hiding  in  an  earthquake  in  a manner  that  is  much 
more  direct  than  one  might  surmise  just  from  the  source  locations  and  their 
magn i tudes . 

A closer  examination  of  the  incident  shows  that  I)  the  masked  explosion  is 
embedded  in  a group  of  closely-spaced  seismic  events  from  which  one  can  extract 
not  only  another  explosion  with  nearly  idintical  source  characteristics  to 
serve  as  a comparison  event,  hut  also  several  other  explosions  which  permit 
yield  scaling  to  levels  possibly  significant  to  nuclear  testing,  and  2)  the 
interfering  earthquake  is  a member  of  a we  1 I - recorded  earthquake  sequence  which 
allows  projection  from  this  accidental  occurrence  to  the  conditions  of  extreme 
worldwide  interference  that  follow  any  major  release  of  tectonic  energy.  The 
investigator  thus  has  at  his  disposal  from  nearly  the  same  configuration  of 
sources  and  stations  data  sufficient  to  synthesize  the  case  for  the  masking 
of  a nuclear  explosion  with  a yield  likely  to  be  meaningful  under  the  worst 
possible  signal  conditions. 

The  present  study  documents  the  interference  observed  for  the  masked  explosion 
by  placing  seismograms  from  it  side-by-side  with  those  of  appropriate  comparison 
events.  By  confronting  the  viewer  directly  with  the  data  in  a highly  compressed 
format  of  seismogram  pairs  his  capability  for  pattern  recognition  is  enhanced 
far  beyond  the  level  normally  associated  with  the  use  of  only  single  traces. 

A perspective  on  the  necessity  for  this  approach  can  be  gained  by  noting  that  the 
data  are  machine-readi ble  at  only  one-third  of  the  stations.  The  instruments 
at  the  remaining  stations  generate  only  photographic  records  and  any  manipulation 
of  this  data  by  s i gnal -process i ng  techniques  (for  example,  spectral  analysis, 
etc.)  would  require  hand  digitization  of  each  trace  to  convert  the  analogue 
record  into  its  corresponding  time  series.  As  a final  comment  it  should  be 
pointed  out  that  this  data  set  was  produced  by  methods  which  are  the  least 
sophisticated  of  those  currently  in  use:  the  networks  involved  are  only  par- 
tially coordinated  with  the  aid  of  telemetry,  master  time  signals  and  magnetic 
recording  systems,  while  the  remaining  stations  are  operated  remotely  in  isolation. 
Since  no  data  from  dedicated  arrays  are  included  the  quality  of  the  masking 
measurements  obtained  here  can  serve  as  a lower  bound  for  that  which  could  be 
acquired  with  more  advanced  systems. 

Since  this  document  is  basically  a data  report  for  the  explosion  of  J**  August 
1969  its  contents  are  divided  into  three  chapters  dealing  with  the  introduction, 
data  and  conclusions.  The  discussions  devoted  to  the  more  detailed  interpretation 
of  the  data  as  well  as  the  theory  of  seismic  masking  and  the  implications  of  this 
incident  to  seismic  detection  and  evasion  are  presented  separately  in  a 
supplementary  report. 
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Chapter  II  presents  the  seismograms  for  the  masked  explosion  and  its  comparison 
events  together  with  introductory  sections  describing  the  interfering  earthquake 
and  the  selection  of  the  comparison  events.  The  analysis  needed  for  the  last 
task  is  carried  out  by  applying  a series  of  increasingly  restrictive  limitations 
to  a catalogue  of  nuclear  test  events  located  in  the  immediate  vicinity  of  the 
masked  explosion.  The  catalogue  is  partitioned  with  the  aid  of  geological  con-, 
siderations  and  then  reduced  by  ordering  the  explosions  in  terms  of  their  seismic 
amplitudes  and  scaled  depths  of  burial.  Finally,  a review  of  these  sorted 
parameters  yields  one  explosion  with  source  characteristics  nearly  identical 
to  those  of  the  masked  explosion.  Alternate  comparison  events  are  used  in  those 
cases  where  traces  from  the  primary  comparison  event  are  unavailable  or  the 
stations  are  of  relatively  recent  installation.  The  seismograms  are  presented 
in  the  order  of  increasing  distance  from  the  masked  explosion  with  captions 
containing  short  tabulations  of  the  readings  from  the  records  which  include 
onset  and  termination  times  for  the  signals,  values  of  the  masking  as  well  as 
distance  and  range  calculations  for  all  events  involved. 

Chapter  III  contains  the  conclusions  of  the  analysis.  The  values  of  masking 
obtained  from  the  sequence  of  seismograms  in  Chapter  II  arc  condensed  into  a 
single  tabulation.  A second  table  presents  the  qualitative  characterization 
of  the  masking  effects  by  listing  the  dominant  wave  and  its  level  of  domination. 
Since  the  primary  objective  of  this  document  is  to  present  the  data  for  the 
masked  explosion,  the  accompanying  analysis  is  directed  almost  exclusively 
towards  the  interpretation  of  the  seismograms. 
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I I . DATA 


2.1  THE  INTERFERING  EARTHQUAKE 


During  August  1969  the  Kurile  Islands  were  the  location  of  a major  earthquake 
sequence  (Fig.  1).  The  main  event  occurred  on  II  August  with  a magnitude  of 
6.5.  It  produced  a tsunami  and  it  was  felt  at  least  as  far  as  Tokyo,  1100  km 

away.  It  was  preceded  by  a series  of  at  least  eight  foreshocks  that  began  the 

day  before  and  followed  by  a sequence  of  more  than  230  aftershocks  that  lasted 
until  the  end  of  the  month. 


In  the  period  immediately  following  the  main  event  there  was  a relatively 
large  number  of  aftershocks,  some  of  which  were  quite  strong  and  produced 
signals  clearly  separated  from  those  of  other  events  in  the  sequence.  As  a 
consequence  they  were  well  recorded  worldwide.  Several  of  the  principal  after- 
shocks  were  of  sufficient  magnitude  and  isolation  from  interference  that  they 
could  be  identified  distinctly  at  far  more  seismic  stations  than  the  main  event. 
Thus,  in  spite  of  the  larger  magnitude  of  the  main  event,  the  masking  of  its 
arrivals  by  its  immediate  foreshocks  caused  a severe  decrease  in  worldwide 
station  registration  for  it  (Porter,  197^a). 

On  14  August  an  aftershock  of  magnitude  6.2  took  place.  Almost  11  minutes  later, 
without  any  prior  knowledge  of  or  planning  with  respect  to  the  earthquake,  the 
United  States  Atomic  Energy  Commission  detonated  an  underground  nuclear  explo- 
sion at  the  Nevada  Test  Site  (NTS)  (Fig.  2).  On  a seismic  scale  the  timing  can 
only  be  regarded  as  that  approaching  the  incredible:  the  detonation  occurred 
less  than  12  seconds  before  the  teleseism  from  the  aftershock  passed  over  the 
explosion  epicenter.  This  timing  can  be  deduced  from  the  travel  time  curve 
(Fig.  3)  f°r  P-wave  arrivals  at  the  principal  seismic  stations  in  the  western 
United  States  (Fig.  4)1.  Despite  the  fact  that  the  P-wave  from  the  teleseism 
arrived  at  the  explosion  epicenter  after  the  detonation  took  place  its  effective 
surface  velocity  (18.1  km/sec  at  NTS)  so  greatly  exceeded  the  total  velocity 
(5.8  km/sec,  NTS  to  NEL2)for  the  near-regional  P-waves  from  the  explosion,  that 
it  arrived  before  the  P-waves  from  the  explosion  at  all  of  the  principal  stations 
in  the  western  United  States  shown  in  Figure  4. 

The  closeness  of  the  near-coincidence  is  most  easily  explained  by  reviewing  the 
locations  of  the  seismic  stations  with  respect  to  NTS.  On  the  earthquake  side 
of  NTS,  no  station  was  close  enough  to  the  explosion  epicenter  for  the  waves 
from  it  to  arrive  before  the  teleseism.  The  same  was  also  true  for  the  stations 
located  in  the  directions  lateral  with  respect  to  the  lines  from  the  earthquake 
epicenter  to  NTS  (an  azimuth  of  310°  at  NTS).  On  the  side  away  from  the  earth- 
quake the  case  of  closest  near-simultaneity  took  place  at  Nelson,  Nevada,  where 
the  difference  reached  its  minimum  of  12  seconds.  All  of  the  succeeding  stations 
on  the  travel  time  curve  for  the  teleseism  (Fig.  3)  recorded  greater  separations 
in  time  between  the  two  signals. 

The  next  item  of  importance  is  the  structure  of  the  teleseismic  waveform  because 
it  determines  the  nature  of  the  interference  through  which  the  signals  from  the 
masked  explosion  must  be  observed.  The  description  given  here  is  limited  by 

T The  symbols  for  the  seismic  stations  and  their  corresponding  locations 
are  given  in  Appendix  A. 

2.  Nelson,  Nevada,  the  station  of  closest  near-coincidence. 
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aftershocks. 


Figure  2.  Location  of  the  epicenters  for  the  interfering  earthquake  (Kurile  Islands)  and  the  Masked  Explosion 
(Nevada  Test  Site)  of  14  August  1969.  The  seismically  active  zones  of  the  world  for  1969  are  shown  by  the 
cross-hatched  areas. 
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Figure  4.  Location  of  the  principal  seismic  stations  at  near-regional  distances  from  the 
Nevada  Test  Site  which  were  in  operation  during  1969. 
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Figure  5.  Location  of  the  Nevada  Test  Site  (NTS)  and  the  Masked  Explosion  of  14  August  1969 
(SPIDER). 
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definition  to  this  specific  aftershock,  even  though  the  epicenters  of  all  members 
of  the  earthquake  sequence  are  located  relatively  near  each  other.  At  most 
stations,  for  this  particular  teleseism,  there  were  usually  three  quite  well 
defined  arrivals  with  delays  of  7,  19  and  60  seconds  after  the  P-wave  arrival. 

Since  all  of  these  delays  were  constant  with  respect  to  range,  they  had  travel 
paths  similar  to  those  for  the  P-wave  and  hence  must  have  been  qenerated  by 
mechanisms  in  the  near  vicinity  of  the  source. 

For  western  United  States  stations  in  these  range  and  azimuthal  intervals  the 
first  two  delayed  arrivals  are  identified  as  pP  and  sP,  respectively,  by  the 
International  Sei smolog ica I Center  (ISC).  This  selection  is  open  to  a 
possible  review  because  a check  of  the  travel  time  tables  gives  13  and  18.5 
seconds  for  the  delays  pP-P  and  sP-P  at  the  source  depth  (ISC)  of  46  km. 

This  implies  that  pP  arrived  about  5“6  seconds  early  with  respect  to  the  table 
values.  Albuquerque  has  the  only  core  reflection  (PcP)  listed  for  the  stations 
used  in  this  study.  The  identity  of  the  third  delayed  arrival  is  not  given  by 
the  ISC,  but  it  could  be  associated  with  the  abbreviated  curve  one  minute 
behind  the  initial  P-wave  that  appears  on  the  Pasadena  travel  time  chart  of 
1934  (Richter,  1958,  Curve  No.  8,  Figure  1 7~6 , p.  262). 

2.2  THE  MASKED  EXPLOSION  AND  ITS  COMPARISON  EVENTS 

In  order  to  generate  a catalogue  of  appropriate  comparison  events  we  review 
the  listing  of  data  for  U.  S.  underground  nuclear  explosions  (Springer  and 
Kinnaman,  1971)  with  respect  to  the  source  parameters  for  the  masked  explosion. 

The  primary  comparison  event  (the  one  most  closely  resembling  the  masked  ex- 
plosion seismically)  then  is  selected  by  applying  a series  of  limitations  with 
increasing  restrictions  to  this  group  of  sources  with  similar  seismic  waveforms. 

The  masked  explosion  of  14  August  1969  took  place  in  the  Yucca  Valley  portion 
of  NTS  (Fig.  5).  The  device  was  detonated  at  a depth  of  784  feet  in  alluvium, 

1141  feet  above  the  water  table  and  9 1 6 feet  above  the  paleozoic  layer. 

(App.  B,  C) . 

Starting  with  the  fact  that  shot  medium  is  weak  (alluvium)  and  dry  (well  above 
the  water  table)  we  restrict  our  attention  to  those  explosions  which  are  located 
not  only  in  the  same  medium  with  approximates  the  same  water  content,  but  also 
in  the  immediate  vicinity  of  the  masked  explosion.  A search  of  the  compilation 
by  Spr!nger  and  Kinnaman  (1971)  under  these  conditions  yields  a group  of  15 
events,  the  farthest  of  which,  the  explosion  of  27  April  1967  (EFFENDI),  is 
located  If20  feet  away  from  the  masked  explosion  (Fig.  6,  App.  D) . 

The  great  variability  in  seismic  waveforms  often  exhibited,  however,  even  for 
shots  closely  adjacent  to  each  other  in  the  same  medium  and  with  approximately 
equal  yields  and  depths  of  burial  prompts  us  to  make  a restriction  in  the  geo- 
logical as  well  as  the  geographical  sense.  The  map  (Fig.  6)  of  the  subarea  of 
NTS  containing  the  masked  explosion  shows  that  the  Yucca  Fault  (Hinrichs,  1968) 
divides  the  event  catalogue  into  two  subgroups:  l)  the  13  events  (including 
the  masked  explosion)  to  the  west  of  the  fault,  and  2)  the  remaining  three  events 
to  the  east.  We  assign  highest  priority  to  the  first  subgroup  as  candidates 
for  comparison  because  of  its  position  with  respect  to  the  fault  and  its  proximity 
to  the  masked  explosion.  The  partitioning  of  this  subarea  into  microzones  is 
based  on  the  observation  (Hays  and  Murphy,  1971)  that  the  Yucca  Fault  can  cause 
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significant  variations  in  travel  times  for  seismic  waves  propagating  across  '*■ 

The  measurements  were  made  in  conjunction  with  the  explosion  of  26  March  1965 
(CUP)  which  was  detonated  7622  feet  to  the  southeast  of  the  masked  explosion. 

To  rate  the  explosions  in  terms  of  their  dynamic,  responses  we  select  one  or 
two  stations  with  instruments  that  discriminate  well  against  the  spectra  of  the 
teleseism  and  which  are  at  ranges  where  the  explosion  waveforms  can  compete 
effectively  in  amplitude  against  the  interference  from  the  earthquake.  Further- 
more we  choose  those  instruments  that  have  been  in  service  at  constant  levels 
of  magnification  for  the  entire  period  of  the  event  catalogue.  Even  though  the 
sequence  of  explosions  as  a function  of  their  amplitudes  is  not  necessarily 
unique  for  all  stations  and  in  fact  may  vary  slightly  from  site  to  site  or  even 
be  twee i the  different  components  of  the  same  type  of  instrument  (as  shown,  tor 
examrie,  by  the  measurements  in  Table  I),  this  method  of  selected  stations  is 
much  more  efficient  than  attempting  to  analyze  all  ava i lable  records . Such  a 
straightforward,  brute-force  approach  would  require  an  inordinate  amount  of 
analysis  because  the  instrument-event  matrix  would  have  at  least  480  entries 
(30  sensors,  16  events),  if  one  assumes  a loss  factor  of  almost  702;  in  reducing 
the  number  of  instruments  from  a maximum  (80)  for  all  stations  and  components 
to  be  considered  to  a realistic  estimate  (30)  which  incorporates  the  operational 
features  and  histories  of  the  equipment  involved. 

The  most  logical  choices  are  the  Wood-Anderson  seismonraphs  at  Tinemaha,  Cali- 
fornia. The  design  of  this  sensor  (Anderson  and  Wood,  1925)  consists  of  hori- 
zontal torsion  pendulum  suspended  by  gold  filament.  A small  mirror  is  mounted 
directly  on  the  filament  and  the  recording  is  accomplished  by  reflecting  light 
from  the  mirror  onto  moving  photographic  paper  placed  on  a rotating  drum.  The 
gain  (2800)  is  relatively  low  and  fixed.  The  frequency  response  is  of  a hiqh- 
pass  type  which  records  explosion  spectra  well. 

Table  I lists  the  explosions  shown  in  Figure  6 in  the  order  of  increasing  trace 
amplitude  for  the  Sg  phase  from  these  instruments.  A m i ss . ng  va 1 ue  precludes 
use  of  the  North-South  component.  The  shots  are  grouped  as  dictated  by  Figure  6, 
those  in  Section  A are  examined  first,  while  those  in  Section  B are  used  as  can 
didates  for  comparison  only  at  Jamestown,  California,  and  Golden,  Colorado. 

The  Sg  phase  is  selected  because  it  quite  frequently  dominates  explosion  seismo- 
grams beginning  at  this  range  (193  km)  and  thus  in  those  instances  of  domination 
it  would  have  the  largest  ratio  of  signal  to  noise.  As  a crustal  wave  it  exhibit 
much  less  of  the  structure  intimate  to  the  immediate  source  region  than  in  t e 
case  of  any  single  direct  wave. 

At  this  point  in  the  analysis  the  existence  of  the  Lgl  phase  (Ewing,  J^dj'tzkY’ 
and  Press,  1957,  p.219;  Richter,  1958,  p.  267;  Bath,  1973,  P-  76)  should  be 
mentioned  because  it  occurs  frequently  on  near-regional  records.  Its  ve  y 
(3  54  km/sec)  is  nearly  that  for  the  Sg  phase  (3-37  km/sec)  and  on  vertical 
records  at  distances  less  than  5°  it  is  virtually  impossible  to  distinguish 
between  them  without  the  aid  of  additional  components.  These  verities  are 
taken  from  the  discussion  by  Bath  who  goes  on  to  say  that  the  Lgl  phase  in  the 
records  of  continental  earthquakes  at  short  distances  frequently  has  arger 
amplitudes  than  the  Sg  phase  and  often  is  mistaken  for  it.  He  comments  further 
that  attention  must  be  paid  to  both  phases  and  that  they  should  not  be  mixed 
under  the  false  assumption  that  they  are  only  different  observations  of  the 
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same  wave.  The  present  study  makes  no  attempt  to  resolve  this  dilemma  because 
most  of  the  data  are  from  vertical  instruments.  The  short-period  horizontal 
records  which  are  available  (Tonopah,  Nevada;  Darwin,  California;  and  Golden, 
Colorado)  are  too  few  to  permit  any  conclusion  about  the  existence  of  Lg 1 and 
furthermore  they  do  not  show  any  appreciable  amplitudes  transverse  to  the 
direction  of  propagation,  except  for  the  moderate  values  at  Darwin. 

As  a final  comment  on  the  value  of  crustal  waves  and  in  particular  of  the  Sg 
and  Lg  phases  we  note  the  results  of  Baker  (1970)  who  shows  that  the  near- 
regional  and  regional  magnitudes  determined  from  the  Lg  phase  have  less  scatter 
than  those  from  body  waves.  Baker  bases  his  magnitudes  on  the  ratios  of  ampli- 
tude to  period  for  this  phase  and  compares  them  directly  with  body-wave 
magnitudes  (derived  in  the  conventional  manner)  for  the  same  set  of  78  seismic 
events  (/3  explosions,  5 collapses,  all  at  NTS).  These  results  are  obtained 
despite  the  fact  that  the  Lg  phase  may  be  distorted  by  previous  arrivals  from 
the  same  event.  On  the  other  hand,  the  first  body-wave  arrival,  although  by 
definition  free  from  same-source  interference,  has  a relatively  weak  amplitude 
and  exhibits  a waveform  highly  dependent  on  local  structure. 

The  yield  estimates  quoted  in  Table  I are  determined  from  the  amplitudes  for 
the  Sg  phase  as  recorded  by  the  Wood-Anderson  seismograph  (East-West  direction) 
at  Tinemaha,  California.  The  logarithms  of  amplitude  and  v Hd  are  assumed  to 
correlate  in  a linear  fashion  and  the  exact  nature  of  the  re  ationship  is 
specified  with  the  aid  of  the  yields  (25  and  38  kt)  listed  by  Springer  and 
Kinnaman  for  two  of  the  explosions  (25  June  1966  (VULCAN)  and  9 October  196^ 
(PAR),  respectively).  The  yields  for  the  remaining  explosions  are  projections 
onto  the  yield  axis  from  the  intersections  of  the  Sg  amplitudes  with  this 
linear  relationship.  It  should  be  emphasized  that  our  interest  here  is  to 
generate  working  estimates  only  of  the  yields;  more  accurate  values  would  re- 
quire the  use  of  data  from  additional  stations.  These  estimates  are  examined 
more  fully  in  a separate  study  (Porter,  1973)  which  also  confirms  their  reason- 
ableness with  the  aid  of  a second  calculation  performed  in  the  same  manner  with 
data  from  Mount  Hamilton,  California  at  a range  of  '<95  km  from  NTS. 

The  final  step  in  the  selection  of  the  primary  comparison  event  is  to  examine 
the  scaled  depths  of  burial  for  the  candidates  in  Table  I.  The  scaled  depth 
is  defined  by  the  equation: 

Scaled  depth  of  burial  = depth  of  burial  (ft)/[yield  (kt)]  (1) 

It  serves  a source  parameter  particularly  useful  in  determining  the  interaction 
of  an  underground  explosion  with  the  free  surface  above.  The  values  to  be 
expected  are  shown  by  two  different  examples.  For  contained  explosions  at  NTS 
350-^00  is  considered  nominal;  a value  over  ifOO  (8  events  in  Table  I)  generally 
means  an  overburied  shot.  On  the  other  hand,  excavation  experiments  require 
explosions  with  much  smaller  scaled  depths:  the  cratering  shot  of  6 July  1962 
(SEDAN),  for  example,  with  a depth  of  635  feet  and  a yield  of  100  kt  has  a scaled 
depth  of  137- 

A review  of  the  yields  and  scaled  depths  for  the  events  in  Table  I shows  that 
the  parameters  for  the  masked  explosion  most  closely  resemble  those  for  the 
explosion  of  13  September  1963  (AHTANUM)  and  therefore  we  select  this  explosion 
as  the  primary  comparison  event.  Both  explosions  have  seismic  yield  estimates 
of  approximately  3 kt  and  are  overburied  with  scaled  depths  of  521  for  AHTANUM 
and  552  for  SPIDER.  The  epicenter  for  AHTANUM  lies  5090  feet  N77°W  from  that 
for  SPIDER. 


TABLE  I 


UNDERGROUND  NUCLEAR  EXPLOSIONS  LOCATED  IN  THE 
VICINITY  OF  THE  MASKED  EXPLOSION  OF  14  AUGUST  1 969 
(listed  in  the  order  of  increasing  seismic  trace 
amplitude'  at  Tinemaha,  California) 


lo. 

Date 

Name1 2 3 4 

Device 

Trace 

ampl i tude 

Seismic 

Scaled 

depth^ 

Tinemaha,  CA 

y iel d^ 

depth  of 

(ft) 

( 

mm) 

(kt) 

bur i a 1 

(ft/kt ,/3) 

WA  NS 

WA  EW 

1. 

Explosions  located 

i n 

the  microzone  of 

the  masked  explosion 

1 . 

1 1 June  1 964 

ACE 

862 

2.2 

3.5 

2.0 

684 

2. 

14  August  1969 

SPIDER 

784 

4.0 

4.5 

2-9 

552 

3. 

13  September  1963 

AHTANUM 

740 

4.5 

4.5 

2.9 

521 

4. 

19  August  1164 

ALVA 

545 

4.9 

4.6 

3-0 

378 

5. 

27  April  1967 

EFFENDI 

719 

5.0 

4.6 

3.0 

499 

6. 

15  January  1969 

PACKARD 

8(0 

- 

8.6 

7.3 

418 

7. 

15  August  1963 

SATSCP 

7J3 

7.0 

3.7 

7.4 

378 

8. 

18  January  1968 

HUPMOBILE 

810 

10.0 

13.0 

13  , 

347 

9. 

25  June  1966 

VULCAN 

1057 

14.8 

20.2 

(25)A 

372 

0. 

10  April  1968 

N00R 

1250 

25.0 

24.0 

32  U 

393 

1. 

9 October  1964 

PAR 

1325 

16.2 

27.2 

(38  r 

394 

1. 

Explosions  located 

outside  of  the  microzone  of 

the  masked  explosion 

1. 

5 November  1 966 

SIMMS 

650 

1.6 

2.0 

0.9 

672 

2. 

10  August  1966 

ROVENA 

635 

1.7 

2.2 

0.95 

642 

3. 

29  September  1966 

NEWARK 

750 

4.0 

4.7 

3.1 

514 

Explosions  located 

i n 

the  microzone  of 

the  masked  explosion,  but 

excluded 

from  further  study 

Reason 

for  exclusion 

l. 

21  February  1963 

CARMEL 

536 

s igna 1 

is  contaminated  by 

the  explos 

2.  12  February  1965 


ALPACA 


737 


KAWEAH  which  was  detonated  8 seconds 
earl ier  at  NTS . 

signal  is  too  weak  to  be  recorded  well 
at  near-regional  stations. 


1.  amplitude  as  measured  by  the  Wood-Anderson  seismograph  (East-West  direction). 

2.  Springer  and  Kinnaman  (1971). 

3.  yield  as  determined  by  inverse  estimation  from  the  amplitudes  measured  by 
the  Wood-Anderson  seismograph  (East-West  direction)  at  Tinemaha,  California. 

4.  announced  values,  determined  by  radiochemical  and  other  means  (Springer 
and  Ki nnaman , 1971) - 


So  far  the  discussion  oeals  almost  exclusively  with  the  determination  of  the 
source  parameters  for  the  masked  explosion  and  the  selection  of  appropriate 
comparison  events.  There  remains,  however,  another  complex  task  of  obtaining 
as  many  stations  and  instruments  as  possible  with  records  of  both  the  masked 
explosion  and  a comparison  event.  Because  of  the  uniqueness  to  date  of  this 
masking  incident  considerable  effort  is  made  to  generate  this  data  set  in  a 
manner  as  complete  as  possible  within  the  limits  of  time  and  support,  oven  to 

the  extent  of  using  substitute  comparison  events  at  three  stations  as  well  as 

extensive  photographic  manipulation  (Sect.  2.6)  of  many  of  the  traces. 

In  the  case  of  the  closest  of  these  stations  (Eureka,  Nevada)  the  record  of 
another  overburied  explosion,  that  of  11  June  196^4  (ACE),  is  available.  At 
the  remaining  two  stations  (Jamestown,  California,  and  Golden,  Colorado)  it  is 
necessary  to  go  outside  of  the  microzone  containing  the  masked  explosion.  Even 
though  the  explosion  of  29  September  1966  (NEWARK)  listed  in  Section  B of 

Table  I appears  to  have  source  parameters  qualifying  it  as  a substitute  com" 

pa r i son  event,  an  examination  of  its  amplitudes  at  Jamestown  shows  a disparity 
so  large  with  respect  to  the  waveform  of  the  masked  explosion  that  the  explosion 
catalogue  in  Table  I must  be  abandoned.  As  a last  resort  we  turn  our  attention 
to  other  seismic  events  in  southern  Nevada  as  possible  candidates  for  comparison. 
This  category  includes  unidentified  seismic  events  with  explos ion- 1 i ke  siqnals 
(McEvilly  and  Peppin,  1972,  p.  69)  as  well  as  earthquakes.  The  resemblance  of 
the  latter  to  the  former  for  these  two  possibly  different  kinds  of  sources  can 
be  exceedingly  close  in  certain  cases,  even  to  the  point  of  mi s i dent i f i cat i on 
(for  example,  the  Colorado  earthquake  of  4 April  1967  that  was  mistaken  as  an 
NTS  event,  Krivoy  andMears,  1969,  P-  8119).  An  examination  (Porter,  1973)  of 
southern  Nevada  earthquakes  and  NTS  explosions  as  recorded  by  Jamestown  also 
confirms  this  close  resemblance.  Southern  Nevada  is  a relatively  aseismic  region 
and  a limited  search  of  the  ISC  and  NOAA  cacaloques  yields  only  five  events 
with  appropriate  epicenters  for  the  period  1 969” 73  (App.  E) . 

As  in  the  case  of  any  study  involving  data  collected  from  a large  number  of  sen- 
sors at  different  sites  there  are  some  locations  which  produced  unusable  traces 
or  for  which  no  suitable  records  could  be  found.  Plate  31  gives  an  example 
typical  of  the  search  conducted  in  the  case  of  a telemetered  network  using 
multiple-channel  recording  methods.  Of  the  original  set  of  fifty-two  locations, 
thirty-two  have  records  suitable  for  inclusion  in  this  study;  the  remaining 
stations  and  the  reasons  for  the  exclusion  of  their  records  are  listed  in  App.  F. 


2.3  ARRANGEMENT  OF  THE  DATA 

The  seismograms  in  this  compilation  are  arranged  in  the  order  of  increasing 
epicentral  distance  from  the  masked  explosion.  The  traces  are  assembled  into 
groups  with  the  trace  for  the  comparison  event  (if  present)  always  being  placed 
directly  above  that  for  the  earthquake  and  masked  explosion.  Each  pair  of 
traces  is  assigned  a group  number  in  which  the  suffix  a always  denotes  the 
comparison  event  and  suffix  b the  masked  explosion.  The  distribution  of  the 
instruments  with  respect  to  the  stations  associated  with  the  masked  explosion 
and  its  comparison  events  is  given  in  Table  II.  The  map  in  Figure  7 shows  the 
approximate  locations  of  the  seismometers. 

At  any  given  station  with  multiple  instrumentation  the  data  are  presented  in 
the  following  sequence:  short-period,  high-pass  (Wood-Anderson) , wide-band  and 

long-period.  Within  each  class  of  instruments  the  vertical  component  is  pre- 
sented first  followed  by  the  horizontals.  For  the  latter  the  sequence  of 
orientations  is  radial,  transverse  or  North-South,  East-West.  An  effort  is 


made  to  place  as  many  seismograms  as  feasible  on  each  plate,  consistent  with 
the  widths  of  the  records.  As  a result  of  this  procedure  it  is  possible  to 
condense  fhe  data  compilation  from  66  to  31  plates. 

The  conventional  time  scale  of  drum  records  of  1 mm/sec  is  maintained  as  much 
as  possible  throughout  the  compilation.  All  data  recorded  at  other  time  scales 
are  converted  photographically  to  this  nominal  standard  so  that  a direct  com- 
parison between  all  seismograms  is  possible.  Only  in  t^e  case  of  the  long- 
period  data  is  the  original  time  scale  of  0.5  mm/sec  retained.  Special  care 
was  exercised  during  the  assembly  of  the  seismogram  pairs  to  insure  consistency 
of  the  time  scales  between  members  even  though  some  recopying  of  the  data  was 
necessa  ry . 


2. A CAPTION  FORMAT  AND  NOMENCLATURE 


The  captions  are  designed  to  minimize  the  need  for  reference  to  external  tables. 
The  upper  portion  of  each  caption  gives  tabular  information  about  the  range, 
azimuths,  origin  time  and  readings  of  the  seismograms,  while  the  lower  portion 
is  devoted  to  a corresponding  written  comment.  These  remarks  are  divided  into 
two  paragraphs.  The  first  paragraph  describes  the  seismic  features  of  the 
traces,  while  the  second  deals  with  the  preparation  of  the  data. 


The  table  headings  for  the  captions  are  defined  as  follows: 


Event 


CE 


EQ 

ME 


Date 

A 


Range 


Azm 


B Azm 


Directly  below  this  heading  are  listed  three  abbreviations: 

Comparison  Event.  The  primary  Comparison  Event  for  this 
study  is  the  underground  nuclear  explosion  of  13  September 
1963  (AHTANUM) . The  substitute  Comparison  Events  are  the 
underground  nuclear  explosion  of  11  June  I96A  (ACE)  and  the 
seismic  event  in  southern  Nevada  of  18  March  1969- 

Earthquake.  The  earthquake  which  generated  the  teleseisms 
that  masked  the  nuclear  explosion  of  Hi  August  1969. 

Masked  Explosion.  The  underground  nuclear  explosion 
(SPIDER)  of  the  same  date. 

The  date  (GMT)  of  the  event  in  question. 

The  range  in  degrees  between  the  event  epicenter  and  the  station. 
This  quantity  is  defined  formally  as  the  angle  subtended  r.t  the 
earth's  center  by  the  arc  connecting  the  station  and  epicenter 
(Sullen,  1963.  Chapter  10). 

The  range  on  the  surface  of  the  earth  in  kilometers  as  computed 
according  to  Rudoe's  formulae  for  the  normal  section  distance  on 
the  surface  of  a spheroid  (Bomford,  1962,  pp.  108-110). 

The  azimuth  in  degrees  which  is  the  angle  (measured  from  north 
through  east)  between  the  meridian  line  through  the  epicenter 
and  the  normal  section  line  connecting  the  epicenter  with  the 
station.  The  azimuth  is  determined  from  Rudoe's  formulae. 

The  back  azimuth  in  degrees  which  is  defined  in  the  same  manner 
as  above,  except  for  the  interchange  of  epicenter  and  station. 
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Origin 
T C 


Onset 


Oif 


Te  rm 


Our 


Mask 


Mask  F 


The  origin  time  (GMT)  of  the  event  in  hours,  minutes  and  seconds. 

The  time  correction  in  seconds  for  the  trace.  For  example,  a 
positive  value  indicates  that  the  station  clock  was  slow  and  the 
correction  should  be  added  to  the  station  timing  marks  by  trans- 
lating the  trace  to  the  left  of  the  reference  mark  for  true  time. 
The  time  corrections  were  taken  into  account  during  the  mounting 
and  annotation  of  the  seismograms. 

The  first  appearance  for  the  signal  from  the  event  in  question. 

For  the  CE  or  ME  the  value  is  the  time  in  seconds  after  the 
origin  time.  In  the  case  of  the  EQ  it  is  the  actual  arrival  time 
of  the  first  phase  in  minutes  and  seconds  after  14:00:00  GMT. 

The  difference  in  seconds  between  the  onset  for  the  EQ  and  that 
for  the  CE  or  ME.  The  values  given  in  the  CE  row  are  the  dif- 
ferences between  the  observed  first  arrivals  for  the  CE  and  EQ 
and  hence  measure  the  extent  to  which  the  explosion  waveform  is 
embedded  in  the  teleseism  without  any  masking.  Values  in  the  ME 
row  (when  given)  indicate  the  extent  of  embedding  in  the  teleseism 
with  masking  effects  included. 

The  termination  of  the  explosion  waveform,  in  seconds  after  the 
origin  time.  In  some  instances  two  values  are  given.  Those  with 
the  suffix  a denote  the  end  of  the  principal  portion  of  the 
explosion  waveform,  or  in  other  words,  the  end  of  the  motion 
characteristic  of  the  explosion.  The  suffix  b signifies  the 
values  for  the  complete  cessation  of  the  signal.  No  readings 
for  the  termination  of  the  earthquake  are  attempted. 

The  duration  in  seconds  of  the  explosion  waveform.  This  value  is 
computed  by  subtracting  the  onset  time  from  the  termination.  Two 
durations  are  quoted  for  those  cases  where  two  terminations  are 
1 i sted . 


The  relative  masking  in  percent  which  describes  the  relative 
loss  of  duration  of  the  ME  when  compared  to  that  for  the  CE. 
It  is  given  by  the  formula 

u ..  /q,»  Duration  (CE)  - Duration  (ME) 

"ask,n9  00 DurltTon  Tce! x 100 


(2) 


The  relative  masking  is  given  only  if  the  durations  of  both  the 
CE  and  ME  are  known  or  can  be  estimated.  A value  is  given  for 
each  duration  of  the  CE  quoted. 


The  masking  factor  which  is  the  reciprocal  of  the  relative 
masking  (the  ratio  given  above  without  multiplication  by  100). 

This  factor  is  included  because  a separate  study  (Porter,  1973) 
shows  that  the  masking  factor  for  an  explosion  waveform  with 
exponential  time  decay  observed  in  the  presence  of  a teleseism 
of  constant  amplitude  has  a linear  relationship  with  the  logarithm 
of  the  distance  from  the  explosion.  A masking  factor  is  given 
for  each  value  of  the  relative  masking. 


2.5  ANNOTATION  OF  THE  SEISMOGRAMS 


The  upper  right-hand  corner  of  each  seismogram  contains  a labe'  showing  the 
date,  station  symbol  and  instrument  abbreviation.  In  some  instances  the  gain 
of  the  instrument  or  the  vertical  scale  is  also  qiven.  To  insure  a consistent 
method  of  annotation  each  seismogram  is  marked  in  the  followinq  manner:  The 

origin  time  for  the  CE  or  ME  is  indicated  by  a solid  arrow  (•^^•1.  The  origin 
time  (GMT)  is  inscribed  directly  above  or  below  this  arrow.  In  addition,  as  an 
aid  to  the  reader,  the  time  elapsed  after  the  origin  time  of  the  explosion  is 
marked  off  in  minutes. 

To  further  the  interpretation  the  phases  of  the  CE,  EQ.  and  ME  are  identified 
whenever  possible  and  their  corresponding  arrival  times  tabulated.  To  insure 
consistency  in  the  identifications  of  the  phases,  those  made  in  this  study  are 
compared  against  the  ones  given  by  Bath  (1973).  Richter  (1958)  and  Simon 
(1972,  pp.  32-35)-  The  records  of  three  larger  NTS  explosions  from  Golden, 
Colorado  by  Simon  are  of  particular  interest  because  the  phases  are  annotated 
and  the  traces  can  be  compared  directly  with  those  on  Plate  29-  The  present 
study  lists  table  values  for  the  arrival  times  (Table  III)  in  those  cases 
where  the  explosion  does  not  have  a distinct  onset  or  its  waveform  is  masked 
or  missing.  These  calculated  values,  denoted  by  Peal  or  Seal,  are  the  first 
arriving  phases  of  the  two  shown  for  each  type  of  wave  in  Table  III.  Table 
III  is  constructed  in  a composite  manner:  The  P-wave  travel  times  are  from 

Herrin  (1968),  while  the  S-wave  times  are  from  Jeffreys  and  Bullen  (19^0). 


2.6  PHOTOGRAPHIC  PREPARATION 

Because  of  the  importance  attached  in  this  study  to  the  direct  visual  com- 
parison of  seismograms,  significant  attention  is  devoted  to  the  photographic 
reproduction  of  the  data  in  the  forms  with  the  greatest  possible  resolution 
and  contrast.  The  complete  avoidance  of  half-tone  prints  is  accomplished 
through  the  use  exclusively  of  film  processes  with  lithographic-like  features. 
Although  the  variety  of  recording  methods, 

1 ) mechani ca 1 : 

inked  pen 
hot-wi re  stylus 

2)  photographic: 

paper 

film  (16  and  35  mm) , 

3)  electronic: 

magnetic  tape, 

used  by  the  seven  reporting  networks  permits  us  to  compare  one  technique 
against  another,  this  diversity  at  the  same  time  requires  much  more  photo- 
graphic experimentation  in  order  to  achieve  results  of  uniformly  high  qualilv, 
than  normally  would  be  necessary  in  a report  dealing  with  only  one  type  of 
record.  As  a consequence,  several  different  methods  of  photography  are  em- 
ployed (Table  IV).  Original  records  are  used  whenever  possible  to  minimize 
any  degradation  or  loss  of  detail  in  the  appearance  of  the  waveforms;  the 
best  copies  available  from  archives  are  employed  only  as  a last  resort. 
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Figure  7.  Location  of  the  seismographs  in  the  Western  United  States  which  recorded  the 
Masked  Explosion  of  14  August  1969. 
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THE  DISTRIBUTION  OF  INSTRUMENTS  FOR  NEAR-REGIONAL  STATIONS  ASSOCIATED  WITH 
THE  MASKED  EXPLOSION  AND  ITS  COMPARISON  EVENTS 
(listed  in  the  order  of  increoslng  epicenlrol  distonce  from  the  explosion) 


2 

DAC 

168 

3 

TIN 

193 

4 

NEL 

194 

5 

CLC 

203 

6 

GSC 

217 

7 

MN-NV 

232 

8 

LEE 

239 

9 

ELY 

242 

10 

EUR 

258 

11 

ISA 

273 

12 

KN-UT 

288 

13 

WDY 

297 

14 

FTC 

360 

15 

RVR 

371 

16 

MWC 

373 

17 

BMN 

377 

18 

PAS 

385 

19 

HAY 

385 

20 

JAS 

396 

21 

PRI 

427 

22 

PLM 

429 

23 

DUG 

440 

24 

SBC 

447 

25 

SYP 

459 

26 

PRS 

483 

27 

MHC 

495 

28 

BAR 

50C 

29 

BKS 

551 

30 

TUC 

723 

31 

ALQ 

899 

32 

GOL 

975 

Stofion  Ronge 
Symbol  (km) 


Short -period 


C,  M C,  M C,  M 
C,  M C,  M C,  M 


High-pass^  Wide-bond 


NS  EW 


C,  M 
C4,  M 
C,  M 


C,  M3 
C,  M* 


C,  M' 
M 

C,  M 
C,  M 
C,  M 
C,  M 
C,  M 

C,  M 
C,  M 
C,  M8 
C,  M 
C,  M 
C,  M 
M 
M 

C,  M9 
C,  M 
C,  M 
C,  M 
C,  M 
C,  M 
C,  M1 


C,  M C,  M 


C4,  M 


C,  M 


C,  M10  C,  M1 


Z R 


M M 
M3  M3 


M3  M3 


M 

M M 


M M 


Long-period 


Z NS  EW 


M 

C,  M C,  M C,  M 


M M 


1,2 

3,4 

5,6,7 

8,9 

10 

11 

12 

13,14 

15 

16 

17 

18 

19 

20 
20 
20 
21 
22 
22 

23 

24 

24 

25 

26 
26 
26 
27 
27 

27 

28 
28 

29,30 


Totol  Records 


27  30  4 2 4 4 1 1 1 1 1 1 1 1 


12  12  12 


(see  following  page  for  notes) 


t ey  ro  aocreviarions 


Instrument  orientations 

Z vertical  1 

R radial  (parallel  to  the  direction  from  the  station  to  NTS) 

T transverse  (perpendicular  to  the  direction  from  the  station  to  NTS) 

» 

NS  North-South  (although  some  of  the  individual  traces  show  SN  to 

indicate  that  the  instrument  has  been  positioned  in  the  exact 
opposite  sense) 

EW  East-West  (the  same  comment  as  above  applies) 

Events 

C Comparison  Event:  underground  nuclear  explosion  of 

13  September  1963  (AHTANUM)  i 

M Masked  Explosion:  underground  nuclear  explosion  of 

14  August  1969  (SPIDER) 

1 . A short-period  vertical  seismograph  with  a response  very  close  to  that  of 
the  Benioff. 

2.  Wood-Anderson  horizontal  torsion  seismograph  with  a magnification  of 
2800  and  a pendulum  of  period  0.8  second. 

3.  Trc;es  are  given  for  both  high  and  low  gain  levels. 

4.  The  data  for  the  CE  were  recorded  at  the  station  BCN  in  Boulder  City, 

Nevada.  The  station  NEL  replaced  BCN  prior  to  the  ME  and  the  traces 
used  in  this  report  are  expanded  in  time  scale  by  photographic  enlarge- 
ment to  match  the  Pg  arrival  times  at  Nelson,  Nevada. 

5.  A second  record  transcribed  by  telemetry  at  Pasadena  is  given  for  the  ME. 

6.  The  station  MN-NV  was  withdrawn  from  service  prior  to  the  ME.  The 
trace  used  in  this  report  was  recorded  at  the  adjacent  station  MINA  and 
transcribed  by  telemetry  at  Berkeley. 

7.  The  record  for  13  September  1963  was  unavailable.  The  trace  from  the 
underground  nuclear  explosion  of  1 1 June  1964  (ACE)  is  used  for  the  CE. 

8.  The  station  JAS  was  installed  after  13  September  1963.  The  trace  from  the 
seismic  event  of  southern  Nevada  of  18  March  1969  is  used  for  the  CE. 

9.  The  short-period  vertical  instrument  was  replaced  by  a horizontal  Willmore 
with  an  orientation  of  N45°t  prior  to  the  ME.  The  record  used  in  this 
report  is  a photoreduction  of  a hand  tracing  that  was  obtained  from  a 
projection  of  the  16  mm  film  original . 

10.  The  traces  for  the  explosion  of  13  September  1963  are  too  heavily 
embedded  in  the  noise  to  be  useful  as  waveforms  for  the  CE.  Instead,  they 

are  replaced  by  traces  from  the  seismic  event  of  southern  Nevada  of  , 

18  March  1969. 


TABLE  lit 


TRAVEL  TIMES  TO  NEAR-REGIONAL  STATIONS  FOR  THE  PRINCIPAL 
SEISMIC  PHASES  FROM  THE  MASKED  EXPLOSION 


P Arrivals^  S Arrivals^ 


Station 

No. 

Symbol 

A 

(°) 

Ra  nge 
(km) 

Pn 

(sec) 

Pg 

(sec) 

Sn 

(sec) 

Sg 

(sec) 

1 

TPH 

1.30 

144 

25.3 

24.1 

43.8 

43.0 

2 

DAC 

1.51 

168 

28.1 

27.1 

49.1 

49.9 

3 

TIN 

1.73 

193 

31.2 

30.7 

54.6 

57.2 

4 

NEL 

1.75 

194 

31.4 

31.1 

55.1 

57.9 

5 

CLC 

1.82 

203 

32.2 

33.7 

56.9 

60.2 

6 

GSC 

1.95 

217 

34.2 

36.1 

60.2 

64.5 

7 

MN-NV 

2.09 

232 

36.2 

38.7 

63.8 

69.1 

8 

LEE 

2.15 

239 

36.9 

39.8 

65.3 

71.1 

9 

ELY 

2.17 

242 

37.2 

40.2 

65.8 

71.7 

10 

EUR 

2.32 

258 

38.7 

43.0 

69.7 

76.7 

11 

ISA 

2.45 

273 

41.0 

45 .4 

73.0 

81.0 

12 

KN-UT 

2.59 

288 

43.0 

48.0 

76.5 

85.6 

13 

WDY 

2.67 

297 

44.1 

49.5 

78.4 

88.2 

14 

FTC 

3.24 

360 

52.0 

60.0 

93.0 

107.0 

15 

RVR 

3.34 

371 

53.2 

61.9 

95.6 

110.3 

16 

MWC 

3.35 

373 

53.4 

62.1 

95.8 

110.7 

17 

BMN 

3.39 

377 

53.9 

62.8 

97.0 

112.0 

18 

PAS 

3.46 

385 

54.9 

64.1 

98.6 

114.3 

19 

HAY 

3.46 

385 

54.9 

64.1 

98.6 

114.3 

20 

JAS 

3.56 

396 

56.3 

66.0 

101.1 

117.6 

21 

PRI 

3.84 

427 

60.1 

71.2 

108.2 

126.9 

22 

PLM 

3.85 

429 

60,2 

71.3 

108.5 

127.3 

23 

DUG 

3.95 

440 

61.6 

73.2 

111.0 

130.6 

24 

SBC 

4.02 

447 

62.3 

74.5 

112.7 

132.9 

25 

SYP 

4.13 

459 

63.9 

76.2 

115.5 

136.5 

26 

PRS 

4.34 

483 

67.0 

80.4 

120.7 

143.4 

27 

MHC 

4.45 

495 

68.5 

82.5 

123.7 

147.1 

28 

BAR 

4.50 

500 

69.1 

83.4 

124.9 

148.7 

29 

BKS 

4.96 

551 

75.4 

91.9 

136.5 

163.9 

30 

TUC 

6.50 

723 

96.5 

120.4 

175.1 

214.8 

31 

ALQ 

8.09 

899 

118.2 

214.8 

267.3 

32 

GOL 

8.77 

975 

127.5 

231.8 

289.8 

^Herrin,  E.  (Chairman)  (1968). 
^Jeffreys,  H.  and  K.  E.  Bullen  (1940). 


TABLE  IV 


NOTES  ON  PHOTOGRAPHIC  PREPARATION 
(listed  in  alphabetical  order  by  reporting  network) 

Original  Record  Photographic  Preparation 


Note 

Reporting  Network 

Material 

Time  Scale 
(mm/sec ) 

ProeejsAilm 

PMT1 

Scale  Factor 
(%) 

Comments 

1. 

California  Institute  of 
Technology  (Pasodena) 

photographic  paper 

1 

100 

2. 

0.5 

3. 

4. 

Long-Range  Seismic 
Measurements  Program, 
U.S.  Air  Force  (LRSM) 

inked-pen  paper 
35  mm  film 

1 

0.25 

402 

Only  best  copy  from 
orchives  is  avail- 
oble;  direct  con- 
tact with  original 
is  not  possible. 

5. 

Sandia  Laboratories 
Albuquerque,  NM 

oscillograph  playaut 
reproduced  from 
mognetic  tape 

0.4064 
(.  16  in/sec) 

Ortho2 

24.6 

Oscillograph  playout 
is  light  sensitive  and 
has  very  low 
contrast . 

6. 

Sanborn  recorder 
ployout  reproduced 
from  magnetic  tope 

1 

Ortho2 

100 

Requires  use  of  filters 
to  suppress  grid  of 
chort  paper. 

7. 

University  of  California, 
Berkeley 

hot-wire  stylus  paper 

1 

double  photostat 

100 

8. 

16  mm  film 
Develoc  order 

0.467 

Panchromatic 
(continuous 
contrast  film) 

218 

9. 

707 

10. 

hand  tracing  of 
projected  image 
from  16  mm  film 

10 

Ortho2 

10 

11. 

12. 

World-Wide  Standard 
Seismograph  Network 
fWWSSN) 

photographic  paper 

1 

PMT1 

100 

Best  copy  ovailable 
Worn  orchives. 

Original  record. 

* Photo-Mechanical  Transfer  (o  film  process  with  lithogropijc-like  features,  by  Kodak). 
2 Ortho  (a  lithographic  film  by  Kodak). 
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22 


2.7 


Seismograms  of  the  masked  explosion  and  its  comparison  events 
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records.  There  is  considerable  masking  of  the  tail  of  the  explosion  waveform. 

The  data  are  reproduced  from  photographic  paper  originals  at  a scale  factor  °[.  !°° 
The  gains  of  the  instruments  are  assumed  to  be  constant.  (See  Note  2,  Table  V). 

End  of  the  motion  characteristic  of  the  explosion, 
b . End  of  the  s i gna 1 . 
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III.  CONCLUSIONS 


To  aid  the  discussion  the  measurements  from  the  seismograms  are  condensed  into 
a single  tabulation  (Table  V).  In  addition,  the  general  appearances  of  the 
records  are  summarized  in  a qualitative  characterization  of  the  masking  effects 
(Table  VI),  listing  the  dominant  wave,  its  level  of  domination  and  the  visibility 
of  the  masked  explosion  at  each  station.  The  records  of  particular  significance 
are  also  identified.  Furthermore,  we  recall  the  results  of  the  pre'iminary 
analysis:  1)  the  masked  explosion  has  a yield  of  approximately  3 kt  (determined 

seismically)  and  a depth  of  burial  of  784  feet  in  alluvium.  2)  the  duration  of 
its  waveform  at  27  of  the  32  stations  is  calibrated  with  the  aid  of  the  waveforms 
from  comparison  events  of  similar  source  characteristics.  3)  the  interfering 
earthquake  is  the  most  we  I I - recorded  shock  of  the  major  earthquake  sequence  ;n 
the  Kurile  Islands  of  August  1969  with  400  observations  worldwide,  a magnitude 
of  6.2,  a depth  of  46  km  (all  values  from  the  ISC  Bulletin),  and  an  epicentral 
distance  from  NTS  of  70°. 

The  findings  of  this  investigation  of  seismic  masking  can  be  summarized  as  follows: 

1)  the  waveform  characteristic  of  this  particular  explosion  recorded  in  the 
teleseism  of  this  strong  earthquake  remains  clearly  visible  out  to  288  km 
(Kanab,  Utah).  Beyonu  this  range  the  role  of  the  dominant  wave  is  taken  over 
by  the  teleseism,  although  instances  of  partial  visibility  occur  at  further 
distances.  Because  of  the  importance  of  this  result  we  shall  define  this  dis- 
tance as  the  maximum  range  of  domination  for  the  waveforms  from  the  masked 
explosion . 

2)  In  terms  of  the  general  appearance  of  the  explosion  waveform  the  interference 
first  degrades  and  then  eliminates  the  fine  structure  from  the  tail  of  the  waveform 
as  the  amplitudes  of  this  portion  of  the  signal  become  smaller  and  more  heavily 
modulated  by  the  teleseism.  The  identification  of  the  exact  point  of  termination 
for  an  explosion  waveforem  with  a slowly  decaying  amplitude  profile  proves  to  be 

an  extremely  difficult  task,  even  without  interference.  As  an  accommodation  to 
the  complexity  of  this  decision,  we  are  forced  to  introduce  two  different 
criteria  for  termination,  since  most  of  these  explosion  waveforms  exhibit  very 
weak  signals  with  no  apparent  information  content  for  a considerable  time  after 
the  end  of  amplitude  pattern  characteristic  of  the  explosion.  In  this  context 
we  can  restate  the  criteria  defined  in  Section  2.4  by  noting  that  the  first 
termination  fend  of  the  motion  characteristic  of  the  explosion)  is  independent 
of  gain,  while  the  second  (end  of  the  signal)  is  a function  of  the  noise  level 
and  hence  depends  on  the  magnification  of  the  system.  Thirty  out  of  the  forty- 
two  traces  presented  for  the  comparison  events  are  analyzed  in  this  manner. 

3)  The  usefulness  of  placing  the  seismograms  from  the  comparison  events  and 
the  masked  explosion  in  juxtaposition  cannot  be  overemphasized.  As  the  level 
of  interference  is  increased  from  the  relatively  simple  background  noise  of  the 
system  to  that  of  the  complex  teleseism,  it  becomes  virtually  impossiole  in  many 
cases  to  decide  even  an  approximate  point  of  termination  for  the  explosion  wave- 
form without  the  use  of  this  technique  of  pattern  comparison. 

4)  The  next  effect  of  the  interference  is  to  degrade  and  then  suppress  the 
pattern  characteristic  of  the  onset  of  the  waveform.  The  delay  in  onsets  between 
the  comparison  and  masked  waveforms  increases  slowly  out  to  495  km  (Mount 
Hamilton,  California)  and  then  abruptly  for  greater  distances.  The  weaker  phases, 
such  as  Pn  and  Sn,  are  seen  only  at  the  closer  stations  and  primarily  those  with 
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higher  gain. 


5)  As  the  distance  from  the  masked  explosion  increases,  the  degradation  of 
its  waveform  continues  until  the  interference  begins  to  destroy  the  basic 
pattern  of  the  Pg  and  Sg  phases.  Because  its  amplitude  is  frequently  larger 
the  Sg  phase  is  generally  more  persistent  than  the  Pg  phase.  As  an  example  of 
this  type  of  selective  degradation  we  mention  the  record  for  Jamestown, 
California,  (Plate  23).  Although  the  Pg  phase  is  severely  obliterated  by  the 
teleseism,  it  is  still  identifiable  as  a separate  arrival,  while  the  Sg  phase 
can  be  recognized  easily  from  the  pattern  of  its  peak  amplitudes. 


6)  The  quantitative  estimates  of  masking  (Table  V)  are  based  on  the  reduction 
of  the  relative  duration  of  the  explosion  waveform.  By  use  of  durations  which 
are  independent  of  gair  (based  on  the  end  of  the  motion  characteristic  of  the 
explosion)  it  is  possible  to  circumvent  possible  changes  in  instrumentation 
and  gain  which  may  have  occurred  during  the  time  interval  between  the  comparison 
events  and  the  masked  explosion.  Plots  (Porter,  1973)  of  the  masking  factor 
show  an  irregular  correlation  with  distance  from  the  explosion  and  secondary  de- 
pendences on  back  azimuth  and  the  difference  between  the  onsets  of  the  teleseism 
and  the  explosion.  Some  of  the  variations  may  also  be  due  to  regional  effects. 


7)  Although  the  difference  between  the  onset  times  fo>  the  teleseism  and  the 
explosion  waveform  appears  to  be  only  a secondary  controlling  factor  in  the 
masking,  the  difference  in  the  origin  times  for  the  earthquake  and  the  explosion 
is  a parameter  paramount  to  the  generation  of  this  data  set.  To  illustrate  this 
point  we  note  that  if  the  origin  time  of  the  explosion  were  advanced  by  a few 
seconds  its  waveforms  would  no  longer  be  fully  engulfed  by  the  telese'sm.  Or 
the  other  hand,  if  the  origin  time  were  delayed  by  more  than  a few  seconds  its 
waveforms  would  not  be  superimposed  on  the  portions  of  intense  signal  activity 

of  the  teleseism.  Furthermore,  we  see  that  if  the  origin  time  were  delayed  to  any 
considerable  extent  it  would  be  impossible  to  display  the  data  in  the  compact 
fashion  used  in  this  report.  A wider  separation  in  the  origin  times  would  re- 
qu i re  more  prints  at  reduced  scale  factors  (such  as  those  in  Plate  30)  o'"  3 
larger  format. 

8)  The  two  most  striking  regional  effects  are  the  absence  of  any  appreciable 
evidence  for  the  masked  explosion  in  southern  California  beyond  the  range  of 
Isabella  (273  km)  and  the  appearance  of  the  partial  waveforms  at  four  northern 
California  stations  (Jamestown,  Mount  Hamilton,  Paraiso  and  Priest).  In  this 
regard,  the  difference  between  the  onsets  may  be  the  controlling  factor  be- 
cause the  explosion  waveform  at  the  closest  northern  California  station 
(Jamestown)  appears  at  least  66  seconds  behind  the  arrival  of  the  teleseism, 
well  after  the  period  of  intense  signal  activity  of  the  latter.  In  contrast, 
the  difference  in  onset  times  for  stations  in  southern  California  at  the 
range  of  Woody  (297  km)  or  greater  does  not  exceed  ^5  seconds  and  the  traces 
shov;  at  most  only  an  extremely  weak  high-frequency  signal  superimposed  on  the 
teleseism.  Woody  deserves  special  attention  because  this  station  shows  almost 
no  signal  for  the  masked  explosion  while  Isabella  at  a range  of  2A  km  less  and 
along  nearly  the  same  azimuth  has  equal  amplitudes  for  the  teleseism  and  tbt 
explosion.  This  abrupt  decrease  may  be  a consequence  of  Woody's  location  west 
of  the  Sierra  Nevada. 


9)  The  great  variety  of  recording  techniques  utilized  in  this  stuciy  shows 
that  the  mach i ne- readi bi  I i ty  of  magnetic  tape  makes  it  the  most  desirable 
technique.  The  best  paper  records  are  produced  by  either  an  inked  pen  or  a 
hot-wire  stylus.  The  oscillograph  playouts  also  have  high  contrast  and  photo- 
graph relatively  easily,  but  they  suffer  from  the  disadvantage  that  they  are 
light  sens i t i ve. 


SUMMARY  OF  MASKING  EFFECTS  FOR  THE  EXPLOSION  OF  1 4 AUGUST  I96S 
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End  of  the  motion  characteristic  of  the  explosion. 
End  of  the  si gna  1 . 
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18-300  Short-period  vertical,  with  response  similar  to  that  of  the 

Ben iof  f . 
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(listed  in  the  order  of  increasing  epicentral  distance  from  the  explosion) 


Key  to  abbreviations 


No. 

ME  masked  explosion 
EQ  earthquake 

Pg  granitic  phase  for  the  compress iona 1 wave  from  the  ME 
Sg  granitic  phase  for  the  shear  wave  from  the  ME 

Station  Range  Dominant  Level  of  Visibility 

Plate  Particularly 

Symbol 

(km) 

wave  ((>ase) 

Domi nation 

of  the  ME 

s i gn i f i cant 

1 

TPH 

IAA 

ME  (Pg  6 Sg) 

h igh 

good 

records 

1 , 2 

2 

DAC 

168 

ME  (Sg  only) 

do 

do 

3,  A 

3 

TIN 

193 

ME  (Pg  £ Sg) 

do 

do 

5,6,7  * 

A 

NEL 

1 9A 

ME  (Sg  only) 

do 

do 

8 , 9 

5 

CLC 

203 

None  (all  ampl 

i tudes  equa  1 ) 

do 

1 0 

6 

GSC 

217 

ME  (Pg  & Sg) 

slight 

do 

1 1 * 

7 

MN-NV 

232 

Nor  2 (all  amp  1 

i tudes  equa  1 ) 

do 

1 2 

8 

LEE 

239 

ME  (Pg  & Sg) 

slight 

do  | 

13, IA  * 

9 

ELY 

2A2 

ME  (Sg  only) 

very  si i ght 

poor 

15 

10 

EUR 

258 

1 ndetermi na  te 

(poor  copy) 

16 

1 1 

ISA 

273 

None  (a  1 1 ampl 

i tudes  equa 1 ) 

good2 

1 7 

12 

KN-UT 

288 

do 

poor  ^ 

18 

13 

WDY 

297 

EQ 

very  high 

negl  i gi  ble-3 

19 

1 A 

FTC 

360 

do 

do 

do 

20 

15 

RVR 

371 

do 

do 

do 

20 

16 

MWC 

373 

do 

do 

do  ^ 

20 

17 

BMN 

377 

do 

h 1 gh 

poor  .. 

21  * 

18 

PAS 

385 

do 

very  high 

neg 1 i g i b 1 e ^ 

22 

19 

HAY 

387 

do 

do 

do 

fa  i rj? 

22 

20 

JAS 

396 

do 

slight 

23  * 

21 

PRI 

A27 

do 

hi  gh 

do 1 2 3 * 5  6 3 

2A  * 

22 

PLM 

A29 

do 

very  high 

negl ig ibleJ 

2A 

23 

DUG 

AAo 

1 ndetermi na  te 

(excessi  2 gain) 

25 

2A 

SBC 

A A7 

EQ 

very  high 

neg 1 i g i b 1 e 

26 

25 

SYP 

A59 

do 

do 

do  , 

26 

26 

PRS 

A83 

do 

hi  gh 

fair. 

26 

27 

MHC 

A95 

do 

do 

fair6  3 

27 

28 

BAR 

500 

do 

very  high 

r.eg  1 i g i b 1 e ^ 

27 

29 

BKS 

551 

do 

do 

do 

27 

30 

TUC 

723 

do 

do 

do 

28 

31 

ALQ 

899 

1 ndetermi nate 

(poor  copy) 

negl i g i b 1 e ^ 

28 

32 

GOL 

975 

EQ 

very  high 

29,30 

1.  only  a short  portion  of  the  Sg  phase  is  present. 

2.  waveforms  are  barely  discernible  due  to  the  low  contrast  of  the  trace. 

3.  only  an  extremely  weak  high-frequency  signal  is  present. 

A.  only  a weak  high-frequency  signal  is  present. 

5.  the  Pg  phase  is  only  partially  visible  as  a high-frequency  signal; 
the  peak  amplitudes  for  the  Sg  phase  are  clearly  recognizable. 

6.  the  Pg  and  Sg  phases  are  partially  visible  as  high-frequency  signals. 
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APPENDIX  A 


LOCATIONS  AND  ELEVATIONS  OF  SEISMIC  STATIONS 
(listed  alphabetically  by  station  symbol) 


No. 

Symbol 

Reporting 

Station  Name  Network  / 

N . 

Lati tude 

W.  Longitude 

Elevation 

1 

ALQ 

Albuquerque, New  Mexico 

WWSSN 

(d) 

34 

(m) 

56 

(s) 

30 

(d) 

106 

(m) 

27 

(s) 

30 

(m ) 

1853 

2 

ARC 

Areata,  California 

UCB 

40 

52 

36 

124 

04 

30 

59 

3 

BAR 

Barrett,  California 

CIT 

32 

40 

48 

116 

40 

18 

510 

4 

LhS 

berkeley(  Strawberry),Ca . 
Battle  Mountain , Nevada 

WWSSN 

37 

52 

36 

122 

14 

06 

276 

5 

bMN 

SL 

40 

25 

53 

117 

13 

18 

N/A 

6 

BRK 

Berkeley,  California 

UCB 

37 

52 

24 

122 

15 

36 

81 

7 

CLC 

China  Lake,  California 

CIT 

35 

49 

0 

117 

35 

48 

766 

8 

CNC 

Concord,  California 

UCB 

37 

58 

06 

122 

04 

18 

36 

9 

CWC 

Cottonwood,  California 

CIT 

36 

26 

18 

118  04 

42 

1620 

10 

DAC 

Darwin,  California 

SL 

36 

16 

37 

117 

35 

37 

N/A 

11 

DUG 

Dugway,  Utah 

WWSSN 

40 

11 

42 

112 

49 

0 

1481 

12 

ECC 

El  Centro,  California 

CIT 

32 

47 

54 

115 

32 

54 

-15 

13 

ELKO 

Elko,  Nevada 

LLL 

40 

44 

41 

115 

14 

20 

2210 

14 

ELY 

Ely,  Nevada 

SL 

39 

07 

53 

114 

53 

31 

N/A 

15 

EUR 

Eureka,  Nevada 

NOAA 

39 

29 

0 

115 

58 

12 

2178 

16 

FHC 

Fickle  Hill,  California 

UCB 

40 

48 

06 

123 

59 

06 

610 

17 

FRE 

Fresno,  California 

UCB 

36 

46 

00 

119 

47 

48 

88 

18 

FTC 

Fort  Tejon, Cal ifornia 

CIT 

34 

52 

24 

118 

53 

36 

990 

19 

GCC 

Granite  Creek, Cal ifornia 

ueb 

37 

01 

48 

121 

59 

48 

122 

20 

GLA 

Glamis,  California 

CIT 

33 

03 

06 

114 

49 

36 

627 

21 

GOL 

Golden,  Colorado 

WWSSN 

39 

42 

01 

105 

22 

16 

2359 

22 

GSC 

Goldstone, Cal ifornia 

WWSSN 

35 

18 

06 

116 

48 

13 

990 

23 

HAY 

Hayfield,  California 

CIT 

33 

42 

24 

115 

38 

12 

439 

24 

ISA 

Isabella,  California 

CIT 

35 

39 

45 

118 

28 

24 

835 

25 

JAS 

Jamestown,  California 

UCB 

37 

56 

48 

120 

26 

18 

457 

26 

KN-UT 

Kanab,  Utah 

LRSM 

37 

01 

22 

112 

49 

39 

1737 

27 

LAN 

Landers , Cal i fornia 

LLL 

34 

23 

23 

116 

24 

41 

793 

28 

LEE 

Leeds,  Utah 

SL 

37 

14 

35 

113 

22 

36 

N/A 

29 

LLA 

Llanada,  California 

UCB 

36 

37 

00 

120 

56 

36 

475 

30 

MHC 

Mount  Hami 1 ton, Cal ifornia 

UCB 

37 

20 

30 

121 

38 

30 

1282 

31 

MIN 

Mineral,  California 

UCB 

40 

20 

42 

121 

36 

18 

1495 

32 

MLC 

Manzanita  Lake. Cal ifornia 

UCB 

40 

32 

12 

121 

33 

42 

1800 

33 

MN-NV 

Mina,  Nevada  2/ 

LRSM 

38 

26 

10 

118 

08 

53 

1524 

34 

MWC 

Mount  Wilson,  California 

CIT 

34 

13 

24 

118 

03 

30 

1730 

35 

NEL 

Nelson,  Nevada  3) 

SL 

35 

42 

44 

114 

50 

36 

N/A 

36 

ORV 

Oroville,  California 

UCB 

39 

33 

18 

121 

30 

00 

360 

37 

PAS 

Pasadena,  California 

WWSSN 

34 

08 

54 

118 

10 

18 

295 

38 

PCC 

Pilarcitos  Creek, Calif. 

UCB 

37 

30 

00 

122 

22 

54 

91 

39 

PLM 

Palomar,  California 

CIT 

33 

21 

12 

116 

51 

42 

1692 

40 

PRI 

Priest,  California 

UCB 

36 

08 

30 

120 

39 

54 

1187 

41 

PRS 

Paraiso,  California 

UCB 

36 

19 

54 

121 

27 

12 

363 

42 

RVR 

Riverside,  California 

CIT 

33 

59 

36 

117 

22 

30 

260 

43 

SAO 

San  Andreas  Geophysical 

UCB 

36 

45 

54 

121 

26 

42 

350 

44 

SBC 

Observatory, Cal ifornia 
Santa  Barbara , Cal i fornia 

CIT 

34 

26 

30 

119 

42 

48 

90 

45 

SCI 

San  Clemente  Island, Ca. 

CIT 

33 

58 

48 

118 

32 

48 

219 

97 


46 

SWM 

Sawmill , California 

CIT 

34 

43 

06 

118 

34 

54 

1220 

47 

SYP 

Santa  Ynez  Peak, Cal ifornia 

CIT 

34 

31 

36 

119 

58 

42 

1 305 

48 

TIN 

Tinemaha,  California 

CIT 

37 

03 

18 

118 

13 

42 

1 195 

49 

TPH 

Tonopah .Nevada 

SL 

38 

04 

29 

117 

13 

21 

N/A 

50 

TUC 

Tucson, Ari zona 

WWSSN 

32 

18 

35 

110 

46 

56 

985 

51 

UK  I 

Ukiah,  California 

NOAA 

39 

08 

14 

123 

12 

38 

199 

52 

WUY 

Woody,  California 

CIT 

35 

42 

0 

118 

50 

36 

500 

/ Identification  of  Reporting  Network  Abbreviations: 

CIT  California  Institute  of  Technology,  Pasadena,  California 
LLL  Lawrence  Livermore  Laboratory,  Livermore,  California 
LRSM  Long-Range  Seismic  Measurements  Program, U.S.  Air  Force 
NOAA  National  Oceanic  and  Atmospheric  Administration 
SL  Sandia  Laboratories,  Albuquerque,  Mew  Mexico 
UCB  University  of  California,  Berkeley,  California 
WWSSN  World-Wide  Standard  Seismograph  Network 


1 


KANAB 

Kanab,  Utah 

LLL 

37 

01 

00 

112  49 

21 

1715 

MINA 

Mina,  flevada 

LLL 

38 

25 

56 

118  09 

16 

1510 

BCN 

Boulder  City, 
Nt  -ad a 

SL 

35 

58 

51 

114  50 

02 

776 

98 


APPENDIX  B 


1 . 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

1 5 . 

16. 


UNDERGROUND  NUCLEAR  EXPLOSIONS  LOCATED  IN  THE  VICINITY  OF 


THE  MASKED  EXPLOSION  OF  14 


Date 

Shot 

time 

Name 

Yi 

eld 

(GMT) 

(GMT) 

(k 

t) 

21  Feb. 

1963 

19 

47 

08. 

23 

CARMEL 

0- 

•20 

15  Aug. 

1963 

13 

00 

00. 

15 

SATSOP 

0- 

■20 

13  Sept, 

.1963 

13 

53 

00. 

15 

AHTANUM 

0- 

■20 

11  June 

1964 

16 

45 

00. 

15 

ACE 

0- 

■20 

19  Aug. 

1964 

16 

00 

00. 

14 

ALVA 

0- 

■20 

9 Oct. 

1964 

14 

00 

00. 

12 

PAR 

38 

12  Feb. 

1965 

15 

: 10 

29. 

.49 

ALPACA 

0- 

-20 

25  June 

1966 

17 

: 1 3 

00. 

,07 

VULCAN 

25 

10  Aug. 

1966 

13 

: 1 6 

00, 

,07 

ROVENAb 

0- 

-20 

29  Sept 

.1966 

14 

: 45 

30, 

,09 

NEWARKb 

O' 

-20 

5 Nov. 

1966 

14 

45 

00 

.00aSIMMSb 

0. 

-20 

27  Apr. 

1967 

14 

45: 

00 

0a 

EFFENDI 

0 

-20 

18  Jan. 

1968 

16 

30 

00 

Oa 

HUPMOBILE 

0-20 

10  Apr. 

1968 

14 

00 

00 

0a 

NOOR 

20 

-200 

15  Jan. 

1969 

19 

00 

00 

07 

PACKARD 

0 

-20 

14  Aug. 

1969 

14 

30 

00 

04 

SPIDER 

0 

-20 

AUGUST  1969 


Devi ce 

Interval  i 

unti  1 

Dimensions  of 

depth 

surface  collapse 

surface 

col  lapse 

(ft) 

(h)  (m) 

(s) 

Di ameter 

Volume 

xdepth(ft)(yd3) 

536 

738 

16 

300x40 

4xl04 

740 

~ 2-1/2 

yr 

30x50 

. 

862 

545 

7 

5 

250x27 

1325 

3 54 

475x72 

3.89x104 

737 

1057 

58 

23 

526x77 

2.44x105 

635 

19 

45 

116x8 

1 . 52x1  G3 

750 

11 

35 

264x10 

8. 54x1 04 

650 

16 

15 

190x15 

1 .36xl04 

719 

18 

50 

114x12 

1 .84x1 04 

810 

21 

21 

252x32 

1250 

9 31 

400-600x36 

810 

16 

45 

350x49 

5.64x10^ 

784 

7 

16-30x40 

4.98x102 

Actual  detonation  time  was  delayed  ^ 0.1+0.06  sec  due 
to  signal  transit  time,  relay  closures,  etc.,  for  these 
events  with  shot  times  listed  on  an  exact  second. 


b These  events  lie  outside  of  the  microzone  for  the  Masked 
Explosion  (SPIDER),  but  are  included  as  comparison  events 
for  the  Jamestown  (JAS)  and  Golden  (GOL)  stations. 


1 


Springer,  D.L.  and  R.L.  Kinnaman  (1971). 
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APPENDIX  C 


GEOLOGICAL  FEATURES  FOR  THE  UNDERGROUND 
NUCLEAR  EXPLOSIONS  LOCATED  IN  THE  VICINITY  OF  THE 


MASKED 

EXPLOSION  OF  14 

AUGUST 

1969  1 

No. 

Date 

Name 

Surface 

Water  Table 

Paleozoi c 

Interface 

Elevation 

Depth 

Elevation 

Depth 

Elevati on 

(ft) 

(ft) 

(ft) 

(ft) 

(ft) 

1 . 

21  Feb.  1963 

CARMEL 

4390 

1980 

2410 

2450 

1940 

2. 

15  Aug.  1963 

SATSOP 

4373 

1950 

2423 

2400 

1973 

3. 

13  Sept. 1963 

AHTANUM 

4419 

2010 

2409 

2400 

2019 

4. 

11  June  1964 

ACE 

4354 

1940 

2414 

2570 

1784 

5. 

19  Aug.  19"4 

AL*A 

4420 

2016 

2404 

2550 

1870 

6. 

9 Oct.  1964 

PAR 

4368 

1950 

2418 

2650 

1950 

7. 

12  Feb.  1965 

ALPACA 

4402 

1990 

2412 

1800 

2602 

8. 

25  June  1966 

VULCAN 

4354 

r>40 

2414 

2050 

2304 

9. 

10  Aug.  1966 

ROVENA3 

4281 

1870 

2411 

1700 

2581 

10. 

29  Sept . 1 9t 6 

NEWARK3 

4285 

1870 

2415 

1750 

2535 

11. 

5 Nov.  1966 

SIMMS3 

4286 

1875 

2411 

1450 

2836 

12. 

27  April  1967 

EFFENDI 

4284 

1885 

2399 

2750 

1534 

13. 

18  Jan.  1968 

HUPMOBILE  4266 

1910 

2356 

2400 

1866 

14. 

10  Apr.  1968 

NOOR 

4385 

1980 

2405 

2450 

1935 

15. 

15  Jan.  1969 

PACKARD 

4250 

1910 

2340 

2300 

1950 

16. 

14  Aug.  1969 

SPIDER 

4326 

1925 

2401 

1700 

2626 

a 

These  events  lie  outside  of  the  microzone  for  the  Masked  Explosion  (SPIDER), 
but  are  included  as  candidate  comparison  events  for  the  Jamestown  (JAS;  and 
Golden  (GOL)  stations. 


1 

Springer,  D.L.  and  R.L.  Kinnaman  (1971). 


100 


APPENDIX  D 


COORDINATE  LOCATIONS  FOR  THE  UNDERGROUND  NUCLEAR 
EXPLOSIONS  LOCATED  IN  THE  VICINITY 
OF  THE  MASKED  EXPLOSION  OF  14  AUGUST  19691 


Distance 
from  ME 


Date 

Name 

N. 

Latitude 

W.  1 

.ongi tude 

Nevada  State 

Coordi nates 

(SPIDER) 

(d) 

(m 

) (s) 

(d) 

(m) 

(s) 

North  (ft) 

Ea c t (ft) 

(ft) 

1 . 

21 

Feb . 1 96 j 

CARMEL 

37 

9 

17.3 

116 

4 

47.6 

875  850 

671  000 

5140 

2. 

15 

Aug. 1963 

SATSOP 

37 

9 

14.7 

116 

4 

35.9 

875  600 

671  950 

4407 

3. 

13 

Sept. 1963 

AHTANUM 

37 

9 

48.1 

116 

4 

50.3 

878  970 

670  760 

5090 

4. 

11 

Junel964 

ACE 

37 

8 

55.0 

116 

4 

33.6 

873  585 

672  145 

5580 

5. 

19 

Aug. 1964 

ALVA 

37 

9 

32.4 

116 

4 

59.1 

877  380 

670  055 

5695 

6. 

9 

Oct. 1964 

PAR 

37 

9 

4.8 

116 

4 

37.2 

874  600 

671  850 

5070 

7. 

12 

Feb. 1965 

ALPACA 

37 

9 

52.3 

116 

4 

35.6 

879  400 

671  950 

4080 

8. 

25 

Junel966 

VULCAN 

37 

9 

19.1 

116 

4 

19.8 

876  050 

673  250 

3145 

9. 

10 

Aug . 1966 

f’OVENA3 

37 

10 

7.2 

116 

2 

51.8 

880  960 

680  330 

5542 

10. 

29 

Sept.1966 

NEWARK3 

37 

10 

7.2 

116 

2 

45.8 

880  960 

680  825 

5960 

11 . 

5 

Nov. 1966 

SIMMS3 

37 

10 

11.8 

116 

2 

50.0 

881  430 

680  485 

5940 

12. 

27 

Apr. 1967 

EFFEMDI 

37 

8 

19.6 

116 

3 

47.5 

870  050 

675  900 

7820 

13. 

18 

Jan. 1968 

HUPMOBILE 

37 

8 

44.1 

116 

3 

56.4 

872  520 

675  160 

5375 

14. 

10 

Apr. 1968 

NOOR 

37 

9 

15.8 

116 

4 

43.9 

875  700 

671  300 

4930 

15. 

15 

Jan. 1969 

PACKARD 

37 

8 

52.5 

116 

3 

56.4 

873  370 

675  160 

4530 

16. 

14 

Aug. 1969 

SPIDER 

37 

9 

36.9 

116 

3 

49.0 

877  863 

675  730 

- 

a 

These  events  lie  outside  of  the  microzone  for  the  Masked  Explosion  (SPIDER), 
but  are  included  as  candidate  comparison  events  for  the  Jamestown  (JAS)  and 
Golden  (GOL)  stations  . 
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APPENDIX  F 


STATIONS  OMITTED  FROM  THE  COMPILATION  OF  RECORDS  AND  COMPARISON  DATA 
FOR  THE  MASKED  EXPLOSION  OF  14  AUGUST  1969 
(listed  alphabetically  by  station  symbol) 


Nu. 

Symbol 

Reason  for  omission 

1 . 

ARC 

Unsuitable  record  (gain  too  low) 

2. 

BRK 

do 

3. 

CNC 

Withdrawn  from  service 

4. 

CWC 

Out  of  service  due  to  flood 

5. 

ECC 

Unsuitable  record  (gain  too  low) 

6. 

ELKO 

Not  yet  installed 

7. 

FHC 

Unsuitable  record  (gain  too  low) 

8. 

FRE 

No  time  correction  available 

9. 

GCC 

Unsuitable  record  (gain  too  low) 

10. 

GLA 

do 

11. 

LLA 

do 

12. 

MIN 

do 

13. 

MLC 

do 

14. 

ORV 

do 

15. 

PCC 

do 

16. 

SAO 

do 

17. 

SCI 

Withdrawn  from  service 

18. 

SWM 

Out  of  service 

19. 

UKI 

Withdrawn  from  service 

"Unsuitable  Record"  implies  that  the  station  in  question  did  not 
record  well  explosions  similar  to  the  masked  explosion  [see 
Plate  31  for  the  case  of  the  primary  comparison  event,  the 
explosion  of  13  September  1963  (AHTANUM)]. 
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